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USE IN LIFE SUPPORT DEVICES OR SYSTEMS MUST BE EXPRESSLY AUTHORIZED 


SGS-THOMSON PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT 
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF SGS-THOMSON Microelectronics. As 
used herein: 


1. Life support devices or systems are those which (a) are 2. A critical component is any component of a life support 
intended for surgical implant into the body, or (b) support device or system whose failure to perform can reason- 
or sustain life, and whose failure to perform, when ably be expected to cause the failure of the life support 
properly used in accordance with instructions for use device or system, or to affect its safety or effectiveness. 


provided with the product, can be reasonably expected 
to result in significant injury to the user. 
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INTRODUCTION 


AUTOMOTIVE POWER IC TECHNOLOGY 


Since the early seventies, more and more func- 
tions have been added to our cars not only with 
the purpose of guaranteeing a better confort to 
drivers and passangers, but also to reduce opera- 
ting costs and finally to ensure compliance with 
new regulations concerning noise and pollution. 
Because of all these needs, cars have to house 
more and more modules designed to perform 
more or less complex operations. 


This growth makes more and more evident the 
need to reduce the room taken by each module, 
with the double target of minimizing the cost of 
the particular function and increasing the number 
of functions in a specific car; in parallel, by in- 
creasing the number of modules, it becomes 
mandatory to increase the reliability of each of 
them, otherwise the reliability of the total car 
would be badly affected. 


All these issues recently pushed the manufacturers 
of automotive systems to refer very often to pro- 
ducers of integrated circuits asking for the devel- 
opment of monolithic devices capable of replacing 
effectively a number of discrete components, 
passive parts included; anyway the trend to a 
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total integration is not over by just designing onto 
a simple piece of silicon a complete function, but 
it carries on implementing in the same device a 
number of auxiliary services, that would add a 
substantial cost if achieved by discrete compo- 
nents, but can easily find place on a few extra 
square millimeters of silicon. 


It is evident that the key issue to pursue the 
monolithic design of very complex functions in the 
automotive enviroment is the availability of very 
capable processes. 


There is no single IC technology that is superior 
to all others in every aspect: for each application 
the choice of technology must be a tradeoff de- 
pending on the type of load and on the circuit 
complexity required. Consequently, the availa- 
bility of many technologies (high density, high 
power, purely Bipolar, purely MOS and finally 
Mixed) is mandatory allowing the best choice in 
terms of both technical characteristics and cost. 


Today, however, the strong need to host on the 
same chip high density signal circuitry together 
with power stages managing currents of several 
amperes, has driven the main focus to various 
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L9360 DUAL INJECTOR DRIVER. Designed for multipoint fuel injection systems, the L9360 contains two smart power 
circuits that drive fuel injector solenoids. This device is produced using mixed Bipolar-CMOS-DMOS technology which 


guarantees very low power dissipation. 


‘Ti SGS-THOMSON 
4 imcnoetecrRomies 


INTRODUCTION 


| SUPPLY | 


Sanna 
: INSTRUMENTATION | 


VEHICLE 


a mite sa SB | 
ee IE 
cts tabi lll i 
af da i 
f 


3 
venelg sia 
y i ar 
_ oe 

1 

f t 


CHARGING | 


SGS-THOMSON’s automotive product portfolio covers a very broad range of applications in Car applications enviroment. 


mixed processes usually identified as "Smart 
Power". The technologies used to manufacture 
ICs that can be defined Smart Power are divided 
into two main families: bipolar and mixed. These 
are divided in turn into horizontal and vertical 
structures; the choice of one technology rather 
than another depending on various elements, 
such as the number of power stages and the 
value of their resistance in the "ON" condition. 


Regardless of the process choice, for an inte- 
grated circuit the electrical and physical enviro- 
ment of a vehicle is extremely hostile. Any elec- 
tronic component designed for automotive 
applications must operate over a very wide tem- 
perature range, it must operate on a wide range 
of supply voltages, it must be able to survive ac- 
cidental battery reversal and it must be robust 
enough to withstand the high energy transients 
which sometimes occur on the battery rail. When 
the battery is accidentally disconnected from the 
alternator during a high current charging phase, 
for example, a transient is generated which can 
exceed 100V. 

Transients of up -100V can also be generated if 


an inductive load is de-energized suddenly. 
Finally it is worth to underline that an integrated 
circuit does not consist of just silicon technology, 
but relies heavily on package and bonding tech- 
nology, and that is particularly true for a Smart 
Power device. SGS-THOMSON is able to op- 
timize the use of silicon area by using a mixed 
bonding process, where signal pads are bonded 
thin gold wires and power pads with thick alumi- 
nium wires. 


This is only one of the many achiviements gained 
by SGS-THOMSON during nearly 15 years spent 
designing components dedicated to the Automo- 
tive Market, and today SGS-THOMSON offers 
one of the widest choice of rugged and cost effec- 
tive solutions for any kind of application in the car 
enviroment 


SGS-THOMSON’s automotive product portfolio 
covers a very broad range of powertrain, body 
electronics, instrumentation, vehicle control 
charging and power supply applications. For most 
of your design needs you will find the solution in 
this book. 
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ALPHANUMERICAL INDEX 


Type Page 
Number Number 


1.5 KE Series 1500 W/1 ms expo-Uni and Bidirectional Devices 
BDW93 12A NPN Power Darlington : 

BDW93A 12A NPN Power Darlington 

BDW93B 12A NPN Power Darlington 

BDW93C 12A NPN Power Darlington 

BDW94 12A PNP Power Darlington 

BDW94A 12A PNP Power Darlington 

BDW94B 12A PNP Power Darlington 

BDW94C 12A PNP Power Darlington 

BU931 High Voltage Ignition Coil Drive NPN Power Darlington 
BU931P High Voltage Ignition Coil Drive NPN Power Darlington 
BU931PFI High Voltage Ignition Coil Drive NPN Power Darlington 
BU931T High Voltage Ignition Coil Drive NPN Power Darlington 
BU931TFI High Voltage Ignition Coil Drive NPN Power Darlington 
BU931SM High Voltage Ignition Coil Drive NPN Power Darlington 
BU931Z High Voltage Ignition Coil Drive NPN Power Darlington 
BU931ZP High Voltage Ignition Coil Drive NPN Power Darlington 
BU931ZPFI High Voltage Ignition Coil Drive NPN Power Darlington 
BU931ZT High Voltage Ignition Coil Drive NPN Power Darlington 
BU931ZTFI High Voltage Ignition Coil Drive NPN Power Darlington 
BU931ZSM High Voltage Ignition Coil Drive NPN Power Darlington 
BZW04 Series 400 W/1 ms Expo-Uni and Bidirectional Devices 
BZW50 Series 5000 W/1 ms Expo-Uni and Bidirectional Devices 
L387A Very Low Drop 5V Regulator with Reset 

L482 Hall-Effect Pickup Ignition Controller 

L484 Magnetic Pickup Ignition Controller 

L497 Hall Effect Pickup Ignition Controller 

L530 Electronic Ignition Interface 

L584 Multifunction Injection Interface 

L585 Car Alternator Regulator 

L2605 0.5A Low Drop Voltage Regulator 

L2610 0.5A Low Drop Voltage Regulator 

L2685 0.5A Low Drop Voltage Regulator 

L4620 Liquid Level Alarm 

L4805 0.4A Very Low Drop Voltage Regulator 

L4808 0.4A Very Low Drop Voltage Regulator 

L4810 0.4A Very Low Drop Voltage Regulator 

L4812 0.4A Very Low Drop Voltage Regulator 

L4885 0.4A Very Low Drop Voltage Regulator 
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Type 
Number 


L4892 
L4901A 
L4902A 
L4903 
L4904A 
L4905 
L4915 
L4916 
L4918 
L4920 
L4921 
L4922 
L4923 
L4925 
L4936 
L4937 
L4938 
L4939 
L4945 
L4947R 
L4948 
L4949 
L4950 
L4951 
L9222 
L9305A 
L9307 
L9308 
L9309 
L9324 
L9326 
L9341 
L9351 
L9360 
L9363 
L9444VB 
L9448VB 
L9480VB 
L9610C 


ALPHANUMERICAL INDEX 


Page 
Number 


0.4A Very Low Drop Voltage Regulator 

Dual 5V Regulator with Reset 

Dual 5V Regulator with Reset and Disable 
Dual 5V Regulator with Reset and Disable 
Dual 5V Regulator with Reset 

Dual 5V Regulator with Reset 

Adjustable Voltage Regulator Plus Filter 
Voltage Regulator Plus Filter 

Voltage Regulator Plus Filter 

Very Low Drop Adjustable Regulator 

Very Low Drop Adjustable Regulator 

5V-1A Very Low Drop Regulator with Reset 
5V-1A Very Low Drop Regulator with Reset and Inhibit 
5V-Very Low Drop Voltage Regulator 

Dual Multifunction Voltage Regulator 

Dual Multifunction Voltage Regulator 

Dual Multifunction Voltage Regulator 

Dual Multifunction 5V Voltage Regulator 
5V-Very Low Drop Voltage Regulator 

SV - 0.5A Very Low Drop Regulator with Reset 
Quad Voltage Regulator with Inhibit and Reset 
Multifunction Very Low Drop Voltage Regulator 
8.5V Very Low Drop Voltage Regulator 

10V Very Low Drop Voltage Regulator 

Quad Inverting Transistor Switch 

Dual High Current Relay Driver 

Dual High Current Low Side Driver 

Dual Low Side Driver 

Dual High Current Low Side Driver 

Window Lift Controller 

Dual Intelligent Power Low Side Switch 

Quad Low Side Driver 

High Side Driver 

Dual Injection Driver 

Quad Integrated Low Side Driver 

One Chip Car Alternator Regulator 

One Chip Car Alternator Regulator 

One Chip Car Alternator Regulator 

PWM Power Mos Controller 
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ALPHANUMERICAL INDEX 


Type Page 
Number Number 


L9611C PWM Power Mos Controller 

L9686 Automotive Direction Indicator 

L9700 Hex Precision Limiter 

L9703 Octal Ground Contact Monitoring Circuit 

L9704 Octal Supply Contact Monitoring Circuit 

L9705 Double Quad Contact Interface Circuit 

L9811 High Side Driver Circuit 

L9812R High Side Driver Circuit 

L9821 High Side Driver 

L9822 Octal Serial Solenoid Driver 

L9822E Octal Serial Solenoid Driver 

L9830 Monolithic Lamp Dimmer 

L9842 Octal Parallel Low Side Driver 

L9907 Motor Bridge for Headlight Adjustment 

L9930 Dual Full Bridge 

L9936 Half Bridge Motor Driver 

L9937 Full Bridge Motor Driver 
(L9946 Multiple Half Bridge Driver 

L9947 Quad Half-Bridge and Single High-Side Driver 

LDP24AS Load Dump Transient Voltage Suppressor 

MTP3055E N-Channel Enhancement Mode Power Mosfet Transistor 
MTPS3055EFI N-Channel Enhancement Mode Power Mosfet Transistor 

P6KE Series 600 W/1 ms expo - Uni and Bidirectional Devices 

PL360D 300 W/1 ms expo - Unidirectional Device 

RBOO8 Reversed Battery and Overvoltage Protection Circuit 

RBO40 Reversed Battery and Overvoltage Protection Circuit 

SM4T Series 400 W/1 ms expo - Uni and Bidirectional Surface Mount Devices . 
SMET Series 600 W/1 ms expo - Uni and Bidirectional Surface Mount Devices . 
SM15T Series 1500 W/1 ms expo - Uni and Bidirectional Surface Mount Devices 
ST9560 Data Link Controller for Vehicle Area Network 

ST9561 Data Link Controller for Vehicle Area Network 

STGP10N50A Isolated Gate Bipolar Transistor (IGBT) 

STK12NO5L N-Channel Enhancement Mode Low Threshold P/M Transistor . . 
STK12NO6L N-Channel Enhancement Mode Low Threshold P/M Transistor . . 
STK22N05 N-Channel Enhancement Mode Power Mosfet Transistor 
STP19NO5L N-Channel Enhancement Mode Low Threshold P/M Transistor . . 
STP19NO6L N-Channel Enhancement Mode Low Threshold P/M Transistor . . 
STP25N06 N-Channel Enhancement Mode Power Mosfet Transistor 
STP25NO6FI N-Channel Enhancement Mode Power Mosfet Transistor 
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ALPHANUMERICAL INDEX 


Type Page 
Number Number 


STP36N06 N-Channel Enhancement Mode Power Mosfet Transistor 
STP36NO06FI N-Channel Enhancement Mode Power Mosfet Transistor 
STP40NO6L N-Channel Enhancement Mode Low Threshold P/M Transistor . . 
STP40NO6LFI N-Channel Enhancement Mode Low Threshold P/M Transistor . . 
STP50N06 N-Channel Enhancement Mode Power Mosfet Transistor 
STP50NO6FI N-Channel Enhancement Mode Power Mosfet Transistor 
STP55N06 N-Channel Enhancement Mode Power Mosfet Transistor 
STP5S5NO6FI N-Channel Enhancement Mode Low Threshold P/M Transistor . . 
TEA7605 Low-Drop Voltage Regulator 

TEA7610 Low-Drop Voltage Regulator 

TEA7685 Low-Drop Voltage Regulator 

VB020 High Voltage Ignition Coil Driver Power IC 

VB024 High Voltage Ignition Coil Driver Power IC 

VB027 High Voltage Ignition Coil Driver Power IC 

VB921Z High Voltage Ignition Coil Driver Power IC 

VB921ZFI High Voltage Ignition Coil Driver Power IC 

VB921ZV High Voltage Ignition Coil Driver Power IC 

VB921ZVFI High Voltage Ignition Coil Driver Power IC 

VNO2N High Side Smart Power Solid State Relay 

VNO3 - (ISO) High Side Smart Power Solid State Relay 

VNOSN High Side Smart Power Solid State Relay 

VNO6 (ISO) High Side Smart Power Solid State Relay 

VN16B High Side Smart Power Solid State Relay 

VN20N High Side Smart Power Solid State Relay 

VN21 (ISO) High Side Smart Power Solid State Relay 

VN30N High Side Smart Power Solid State Relay 

VN31 (ISO) High Side Smart Power Solid State Relay 

VNDO5B Smart Dual High Side Driver 

VND10B Smart Dual High Side Driver 
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SELECTION GUIDE 


For detailed information on products referred to in the selection guide but not included 
as datasheet in this book, please refer to the databook indicated in colum "DB" 


SGS-THOMSON DATABOOKS 


DESCRIPTION ORDER CODE 


DBET9400ST/1 
DB68XXST/1 
DB6800ST/1 
DBAUDIOPROST/1 
BAUTOMOTIVEST/2 
BCBi2/1 
BCB12GEN/1 
BANACA/1090 
BHSCMOSST/1 
BIMAGEPROST/2 
BINCOMPEST/2 
BCB22KST/1 
DBISB12KST/1 
DBISB24KST/1 
DBLINCARDST/2 
DBLPSST/1 
BKVOLTAREST/1 
DBBIPTRANST/1 
DBPOMODULEST/1 
POWER MOS DEVICES DBPOWERMOSST/2 
GAL PROGRAMMABLE LOGIC DEVICES DBPROLOGICST/1 
PROTECTION DEVICES (Q1’93) DBPROTECST/2 
RF & MICROWAVE POWER TRANSISTORS (Q1’93) BRFST/2 


4 BIT MCU FAMILY ET9400 

8 BIT MCU FAMILIES EF6801/04/05 

16 BIT MPUs & ASSOCIATED PERIPHERALS 
AUDIO POWER and PROCESSING ICs 
AUTOMOTIVE PRODUCTS 

CB12000 SERIES STANDARD CELLS 

CB12000 SERIES STANDARD CELL MODULE GENERATORS 
ANALOG CELLS AND ARRAYS 

HIGH SPEED CMOS 

IMAGE PROCESSING 

INDUSTRIAL and COMPUTER PERIPHERAL ICs 
CB22000 SERIES STANDARD CELLS 

ISB12000 SERIES CONTINUOUS ARRAYS 
ISB24000 SERIES CONTINUOUS ARRAYS 

LINE CARD ICs (Q1’93) 

LOW POWER SCHOTTKY TIL ICs 

VOLTAGE REGULATORS 

POWER BIPOLAR TRANSISTORS 

POWER MODULES 
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Vad| TELEPHONE SET ICs (Q193)—~=~“‘<*~*‘<*<~*S*‘*~*Cé ELSES 
Tae | COMPUTERGRAPHICS——=S~—CSC~—SCSCSCSC*SY SC BGRAPHICSTI_ 
Dag _| THETRANSPUTER DATABOOK SSCS CTR 
rai [SCRsaTRIACS OS SSCS~“—S*S*S*S~SCSC“CSsS BSCR 
Vaj_| VIDEO PRODUCTS SIGNAL PROCESSING ____——~—~—~—SDBTVCRSPSTA 
Tal__[ 280 MICROPROCESSOR FAMILY SSCSC~S~S~S~S~S CBB 
Pan [MEMORY DATABOOKSSSCSC~“~*‘“~*~*S*~**S*S**S*S MEMORY 
rao | STesiosTeatsstezoustees ——~SCS~S~“~s~S*~—~*S*S~S*S~S STOIC 
[ap $T624x Family LCD DISPLAY CONTROL(QT93)—=SCS~C~CS~S~S«~™ CBS TODAS 
Taq | STOFAMILY @6BITMCUSSCSC~C~“Ss~“~S*~*~*~*~S STII 
Tas | STIOUSER MANUAL SSOCSOSCSCCCSCSUISTHOSTA 


NOT INCLUDED IN CURRENT DATABOOKS CONTACT YOUR NEAREST SGS-THOMSON SALES OFFICE 


(*) 


ky7 SGS;THOMSON 
12 


SELECTION GUIDE 


IGNITION CONTROLLERS 


| Device | Function’ =| Package | DB | Page 


477 
483 
483 
485 
485 


IGNITION DARLINGTONS/IGBT 


[Devin | ——~=*Function”~—=*~“‘*C*dz;C*‘RGKage:~=~=«(;C=O + Page 
[Buen | eh Votage DrverforEtecronioignon ——~=«diTO@eo «de | 
[Bue12 | High votage Diver or Eleatoniclnton———~—=*dtTOaao——SS*d | 
[auge1 | Highvotageignon Col Dive NPN Power Darien [02 ——«dt “| 
[BUB21P [Hoh Votageignfion Col DrveNPN PowerDarngtn [T0219 «dtr “|= 
[BUB2IPF —_|FighVotagelnfon Col brve NPN Power Daringin [isowarraie |_| — 
[Bu221T | Fgh votage triton CollOrve NBN Power Daringion [TO220 ‘dtr | = 
[BUB2ITFI__|Highvotagelntion Col Drve NPN Power Darngin _[isowarrais |__| — 
[au291 |Hiohvotage triton Col Drve NPN PowerDarngion [72 «dt —*idt (ee 
[BU91P | gh Votage onion Col Drive NPN Power Daringin [TO21@———~+dY da 
[BU2@1°F1 [Fgh votagelniton Col Drive NPN Power Daringion |isowaTTeie | — | 560 


593 


aveetzi 
[STGHONGOF[]GBTDmverforElecronclgiton —_—~—=~S~=*rSOWATTBN =P 
[STePrONGOA [iGeTOfveriorEecronciiion ——[to2o__————~| | ra 
STEPIONSO. [LogioLevel pit GET Divert Ceoroneionton [Towa «| =| 
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597 
597 
597 
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SELECTION GUIDE 


FUEL INJECTION 


1584 Multifunction Injection Interface DIP16 


|B | Page. 
eed 


ALTERNATOR REGULATORS 


L585 Car Alternator Regulator DIP16/SO16 


| DB | Page 
ea 


L9444VB One Chip Car Alternator Regulator TO-220 
L9448VB One Chip Car Alternator Regulator TO-220 


87 
293 
293 
293 


L9480VB One Chip Car Alternator Regulator TO-220 


ACTUATORS 


Device 


L9222 Quad Inverting Transistor Switch POWERDIP (12+2+2) ay 235 
L9305A Dual High Current Relay Driver POWERDIP (8+8) a 239 
L9307 Dual High Current Low Side Driver MULTIWATT14 | - | 243 


L9308 Dual Low Side Driver MINIDIP 247 
9309 Dual High Current Low Side Driver SIP10 


243 
L9326 Dual Intelligent Power Low Side Switch S024 (16+4+4) 


261 
267 
275 


L9360 CLIP/MULTIWATT11 ae 
SO2OL (124444) 
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Quad Half-Bridge and Single High-Side Driver MULTIWATT15 
PENTAWATT 


High Side Smart Power Solid State Relay 
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SELECTION GUIDE 


ACTUATORS (Cont'd) 


Device | Function | Package 


VNO3 


VOLTAGE REGULATORS 


|L4901A | Dual 5V Regulator with Reset d,ak 109 
4925 _[VeryLow Drop Reguator——S«*PENTAWATT_| ‘| 103 
t1sa6 _[ualwutiuncion Reguor suas | veo | 
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495 
503 
511 
519 
527 
535 
543 
549 
557 
565 


a 


35 
93 
93 
93 
105 
105 
105 
105 
105 
105 
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SELECTION GUIDE 


VOLTAGE REGULATORS (Cont’d) 


i | DBL 
j.4937 [Dual Mutttunction Reguiator = HEPTAWATT. =| 
Lasae_[Dval¥tincion Reguatr ——=~=S*~ROWERDIP a) | 
Lasse | Dualtahinnsion SV equator ————~—~S~SS*dCROWERDIP(12x24@) |— 
Lasas [5 0mA Very Low OropRegulaor——~=~*drTOa@D | 
Lase7m [50 500mA Very Low Drop Regulator win Resst_——_—(PENTAWATT. [= 
| ae 

| <i 

| acs 

Ca 


: 
Low Drop Votage Reguater———~=~C*~*~wrRDSCSC~*~*~dC C=C 


Liquid Level Alarm 


a 
=s 
= 

ae 
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Ls700 [Hex Pressontumier MI 
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SO20L 


ST9560 
ST9561 Data Link Controller for Vehicle Area Network PLCC44 
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SELECTION GUIDE 


POWER DISCRETES FOR ACTUATORS APPLICATIONS 


| Device | Function =| Package | DB | Page 


=ixnrlinamli aT waiwni i vniniwn\s; wo|w;tw 
ala) al al SIS|SIGIS|SIS|S 
G/G/V/H|A|Y/YiAI}/Als}s}a 
HLCP RC] S| Sl >| 2 m | > 


MTP3055E N-Channel Enhancement Mode Power Mosfet Transistor TO-220 625 
MTP3055EFI | N-Channel Enhancement Mode Power Mosfet Transistor ISOWATT220 625 


STK7N10L N-Channel Enhancement Mode Low Threshold Power SOT-82 
Mosfet Transistor 


N-Channel Enhancement Mode Power Mosfet Transistor SOT-82 


STK12N05L N-Channel Enhancement Mode Low Threshold Power SOT-82 
Mosfet Transistor 
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679 
N-Channel Enhancement Mode Low Threshold Power SOT-82 679 
Mosfet Transistor 


STK16N10L N-Channel Enhancement Mode Low Threshold Power SOT-82 
Mosfet Transistor 


STLT19 N-Channel Enhancement Mode Low Threshold Power TO-220 
Mosfet Transistor 

STLT19F] N-Channel Enhancement Mode Low Threshold Power ISOWATT220 
Mosfet Transistor 

STLT20 N-Channel Enhancement Mode Low Threshold Power TO-220 
Mosfet Transistor 
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SELECTION GUIDE 


POWER DISCRETES FOR ACTUATORS APPLICATION (Cont'd) 


N-Channel Enhancement Mode Low Threshold Power ISOWATT220 t 
Mosfet Transistor 
N-Channel Enhancement Mode Low Threshold Power TO-220 t 
Mosfet Transistor 
STLT29FI N-Channel Enhancement Mode Low Threshold Power ISOWATT220 t 
Mosfet Transistor 
N-Channel Enhancement Mode Low Threshold Power TO-220 t 
Mosfet Transistor 
STLTSOFI N-Channel Enhancement Mode Low Threshold Power ISOWATT220 t 
Mosfet Transistor 
STP8N10L N-Channel Enhancement Mode Low Threshold Power TO-220 
Mosfet Transistor 
STP17N05L N-Channel Enhancement Mode Low Threshold Power TO-220 t 
Mosfet Transistor 
STP19NO05L N-Channel Enhancement Mode Low Threshold Power TO-220 
Mosfet Transistor 
STP19NO06L N-Channel Enhancement Mode Low Threshold Power TO-220 
Mosfet Transistor 


STP20N06 N-Channel Enhancement Mode Power Mosfet Transistor TO-220 
STP20NO6FI | N-Channel Enhancement Mode Power Mosfet Transistor ISOWATT220 


STP20N10L N-Channel Enhancement Mode Low Threshold Power TO-220 
Mosfet Transistor 

STP20N10LFI | N-Channel Enhancement Mode Low Threshold Power ISOWATT220 t 
Mosfet Transistor 


Device 
STLT20FI 


a 


io] 
@ 


693 


693 


697 
697 


N-Channel Erhencement Mode Power Mesiet Transistor 


STP40NO5FI_ | N-Channel Enhancement Mode Power Mosfet Transistor ISOWATT220 t 


STP40NO6L N-Channel Enhancement Mode Low Threshold Power TO-220 t 713 
Mosfet Transistor 

STP40NO6LFI | N-Channel Enhancement Mode Low Threshold Power ISOWATT220 t 713 
Mosfet Transistor 

STP45N05L N-Channel Enhancement Mode Low Threshold Power TO-220 t 
Mosfet Transistor 

STP45NO5LFI | N-Channel! Enhancement Mode Low Threshold Power ISOWATT220 t 
Mosfet Transistor 


STP50N06 N-Channe! Enhancement Mode Power Mosfet Transistor TO-220 t 
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SELECTION GUIDE 


POWER DISCRETES FOR ACTUATORS APPLICATION (Cont'd) 


| Function | Package 


STP50NO6FI | N-Channel Enhancement Mode Power Mosfet Transistor ISOWATT220 
STP55N06 N-Channel Enhancement Mode Power Mosfet Transistor TO-220 


[STPSONOGFI 

[STPS5NO6 | 

STP55NO6FI_ | N-Channel Enhancement Mode Low Threshold Power ISOWATT220 t 
Mosfet Transistor 

|STVHDSOF! | 


aed 
ree 


STVHDS0 N-Channel Enhancement Mode Power Mosfet Transistor | TO-220 
N-Channel Enhancement Mode Power Mosfet Transistor ISOWATT220 


POWER DISCRETES FOR VOLTAGE REGULATORS 


a ae ae ee 
583 
i 583 
583 
583 


Page 


=o 
=o 
= 
= 
<a 
ripta5 | PNP Power DaringlonTansitor———SSSSC=«*iTORIGY 


SPECIAL PROTECTION FUNCTIONS 
|_Package | DB | Page | 


RBOO8-40 Reverse battery and Over Voltage Protection TO220 AB 
RBO40-40 Reverse battery and Over Voltage Protection TO220 AB 


TRANSIL 


Type 
Pp (W Vr (V Case Paae 
605 


400/1 ms 5.8to376 | BZW04../BZWO4P.. BZW04..B/BZWO4P..B 

600/1 ms 5.8 to 376 | P6KE.. RA P6KE.. CP, CA 631 

300/1 ms 270 =| PL3860D = 639 
1500/1 ms 5.8 to 376 1.5KE...PA 1.5KE...CP, CA 575 
5000/1 ms 10to180 | BZWS5O... BZW50...B 613 
7000/1 ms 24 |LDP24AS = 619 


SURFACE MOUNT TRANSIL 


— : ae ; Case Page 
Unidirectional Bidirectional 
400/1 ms 5.5 to 188 655 


SM4T..., A SM4T..C,A 
600/1 ms 5.5to188 | SM6T...,A SM6T...C,A 
1500/1 ms 5.5to188 |SMI15T...,A SM15T...C,A 


661 
667 
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SERIAL ACCESS EEPROM MEMORIES 


Serial access EEPROMs guarantee 1,000,000 Erase/Write cycle endurance. 

With SGS-THOMSON major advantage in EEPROM, 1,000,000 Erase/Write cycle endurance, combined 
with 3V to 5.5V voltage operation and memory protect features, the EEPROM has become the memory for 
reference data storage in many kinds of equipment. They are ideally suited for printers, telephone sets and 
all equipment requiring non-volatile set-up or temporary data storage. 


SGS-THOMSON's EEPROMs are suitable for use with I@C and MICROWIRE® serial bus interfaces. 
I?C Serial Bus EEPROM Range 


[size | Partnumber | Orgenisation | VecRenge | Feature | Package | 0B 
fsracowx | exe | aswsey | —(rewe | an 
src | _asexe | aswssv_| rss _—| an 


srewcocux | _siax0 | sway _[waermen [P50 | an 


Note: In the Part Number X means three temperature ranges: 1 = 0 to 70 °C, 6 = —40 to 85 °C, 3 = -40 to 125 °C. 


MICROWIRE Serial Bus EEPROM Range 


[ size | Part Number | Organisation | VooRange | Feature | Package | DB_ 
sraeconine | aai@orveae | 451055 |OvalOwansaion [ps0s | an 


srmcseex | exis | aswssv [Wieroea [rors | an 
sraacssine | taeorasen6 | asw5sv [Ova oransaion [p58 [an 


Note: In the Part Number X means three temperature ranges’ 1 = 0 to 70 °C, 6 =—40 to 85 °C, 3 =-40 to 125 °C. 
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CMOS UV EPROM 
om | ca asa] eT Tm Yow 
Number | sation [3 [00] v0 | 10 | 200] a0 | FOP [suc |LOG 
sax [reaonf oe | | | | [elle] | | [= 
eee eae ee 
aac [weroveen| voxxe [ate tele[=lele| | | |» 
gC e 
worcasr [sexxe| | [ale[=|=| ©] | [tam [an 
werose [owxe[a[@fele[e[e[e| | | [a 
werosie [emer] | | [=[=|=le| | | |= 
wercwoor|worxe [a [= fa let=[=[e| [*| [a 
wervior [wonxet | | | [ala[e| [© |vcsarma 
wervior [worxet || | | [le] 
I 
a 


256K 
512K 
512K 


me7cio00 | 1zekxs| | fajfa| | |e | 

M27ci024| eakxie| | [al m|[m]| | eo. 

m27c2001 | 256kx8| a] m | o|m |e] mi] e | | 

me7veot jasskxs| | | | [alale | | 

me7veoi |asekxs| | | | | 

4am | M27C4001 
marvaot_|siakxe| | | | j|alale | | 


2M 


gi 
a) 


NMOS UV EPROM: A product range from 16K up to 512K density Is available 
Notes: 
@ = Available 
A 
a 


Speed available in Commercial Temperature ragne only. 
Speed available in Commercial and Automotive Temperature range. 
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OTP ROM CMOS 


Number | sation | 90 | 100 120 | 150 | 200 | 
a 
oe 


u 
+ 
2) 
oO 


asek | st27c25s |3akxs | | | | 
ee | m27c2s68 | s2kx8 | a| «| m | 
| e7c257 | s2kxs | 


M27C1001 | 128K x8 | 
M27C1000 | 128K x8 zi 


ROM compatible 


@ = Available 

A& = Speed available in Commercial Temperature range only. 

mM = Speed available in commercial and automotive Temperature range. 
UD = Under development 


Cc Cc 
O 0 


FLASH MEMORIES 


Notes: 
@ = Available 
A = Speed available in Commercial Temperature range only. 


mM = Speed available in Commercial and Automotive Temperature range. 
UD = Under development 
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DEDICATED MICROCONTROLLERS FOR AUTOMOTIVE 


SGS-THOMSON is supporting a wide range of automotive applications, including power train, car-body, 
instrumentation and car-radio, with its portfolio of 8-bit, 8/16 and 16-bit dedicated microcontrollers. These 
families are adapted to the requirements of the automotive environment, with a wide range of cost/perfor- 
mance tradeoffs. All MCUs interface directly to the SGS-THOMSON Automotive dedicated peripheral de- 
vices. 


Dedicated MCUs POSITIONING 


HIGH-END APPLICATIONS 
CRITICAL REAL TIME TASKS 
100ns INSTRUCTION TIME 


MID / HIGH-END APPLICATIONS _— ff | RISC-LIKE EXECUTION TIMES f 
REAL TIME TASKS y | TRUE 16 BIT WORLD 
INSTRUCTION TIME AROUND 0.5us f 
8 / 16 BIT WORLD 


emis 2, ee ake es x ee et <i ee « . 


APPLICATION SPECIFIC 

TRUE 8 BIT WORLD 

MID-RANGE APPLICATIONS 
INSTRUCTION TIME AROUND tps 


TIMINGS NOT CRITICAL 
INSTRUCTION TIME AROUND 6ys 
STANDARD & CUSTOM CELLS 


VRO001744 
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PRODUCT OVERVIEW 


In the field of micro-controllers, the combination of architectural innovation, advanced process technology 


and modular, macrocell-based design has given SGS-THOMSON a strong position. 


The 8-bit ST62 products is particularly successful in low end, cost- sensitive applications, while the proprie- 


tary 8/16-bit ST9 family offers real-time performance to Mid/High- -end Systems. 


To cover the requirements of Medium-range applications, SGS-THOMSON is developping the ST7. 
Thanks to its industry-standard Core and its library of peripherals, the ST7 can easily be customized to full- 
fill the needs of systems such as Multiplexed Control Functions in Car-Body, as well as RDS Signal pro- 
cessing for car-radio. 

Already attracting great interest, the ST10 high-end 16-bit series, which will be available in Q4, will feature 
a highly sophisticated register file-based, four-stage pipelined architecture and very fast RISC-like execu- 
tion (100ns instruction execution) and will include a version with on-chip flash memory. 


DEDICATED MCUs 
MAIN CORE FEATURES 


APPLICATION LOW END MID RANGE MID/HIGH RANGE HIGH RANGE 


ARCHITECTURE — SERIAL 8 BIT PARALLEL 8 BIT PARALLEL 8/16 BIT Full 16 BIT Parallel 
Accumulator Accumulator Register File Register File 


4 Stages Pipe Line 
FEATURES 


ADDRESS SPACE 4K 64K 128K 256K BYTES LINEAR 
ROM/EPROM 16K (PAGES) 8K 32K 32K 
RAM 512 BYTES 512 BYTES 1,2 KBYTES 1K BYTES 
CLOCK SPEED (MAX) 8 MHZ 4 MHZ 12 MHZ 20 MHZ 
INSTRUCTION SPEED  6.5us ne ee O.1us 
NUMBER OF INST. 42 72 89 >100 
16 BIT INSTRUCTION NO NO YES YES 
MULTIPLY (8*8) NO YES (2.75us) YES (1.8us) YES (0.5us - 16x16) 
DIVIDE (16:8) NO NO YES (2.3us) YES (tus - 32x16) 
DMA NO NO YES YES 
INTERRUPT 8 VECTORS 8 VECTORS 128 VECTORS Fast Context Switching 
VRO001745 


kay SGS-THOMSON 
24 7, imenozuecrremes 


SELECTION GUIDE 


ST6 


The ST6 is the entry point to S@GS-THOMSON MCU world. Members of this family are tailored to allow an 
easy integration of the different electronic systems found inside a vehicle. 


The ST621x/2x provides a flexible, cost effective solution to simple control requirements (window lift, cen- 
tral lock, mirror control...). The on-chip A/D converter enables intelligent feedback to an evolutive environ- 
ment by directly connecting eight to sixteen analog input channels of the MCU to sensors. The human 
interface can be handled by both a keyboard and LEDs without any external components, using the flexible 
software configuration and direct drive capabilities of the I/O ports. 


The ST624x includes a versatile LCD controller/driver capable of managing up to 4 x 45 Segments. It also 
features two Timer peripherals, each including an 8-bit counter with a 7-bit software programmable pres- 
caler, a Digital Watchdog Timer, an 8-bit A/D converter with 12 analog inputs, a Power Supply Supervisor, 
and a synchronous Serial Peripheral Interface (SPI). 64 to 128 bytes of EEPROM is available, with over 
300K erase/write cycle endurance, for non-volatile data storage. 


The ST628x family has the same architecture as the ST624x family, but includes a Dot Matrix LCD Driver 
in place of the ST624x segment based LCD Driver. 


$1624x and ST628x are ideally suited for Dashboard, Climate Control and car-Radio applications. 


Thanks to its low power consumption, high noise immunity and low noise sensitivity, the ST6 family allows 
substantial savings in component count in cost sensitive automotive systems. 


$1T6210/15/20/25 BLOCK DIAGRAM 


8 BIT PAO-PA3 (20mA Sink) 
eee cy porta, KT) PA4-PA7 / Analog In ° 
Test [] TEST 
Cc) | porte KEY) PBO-PB7 / Analog In 
<= porte (TT) PC4-PC7/ Analog In * 
DATA ROM 


USER 
SELECTABLE 


USER PROGRAM 


ROM 
DATA RAM 
3878 Bytes (2) ngs ca) TIMER 1 [] TIMER 


DIGITAL 
WATCHDOG/TIMER 


ROM A/D 
DEVICE | (Byte) | (Channels) | /° 
: STACK LEVEL? * NOT AVAILABLE ON ST6210/ 20 
2k 


am, 
8 BIT CORE (1) ST6210 /15 
eae : (2) ST6220 / 25 
ST6215 16 
ST6220 8 

SUPPLY 

bo} oe 


Vpo Ygg OSCin OSCout RESET VRO001746 
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$T6240 BLOCK DIAGRAM 
test [1] dieriveraeA Vv cy rorra KET) PAO-PA7/AIN 


PBO-PB3/AIN 
PB4/10mA SINK 


80 PIN PQFP (TT) pasiscuioma SINK 
NMI [ ] INTERRUPT PB6/SIN/10mA SINK 
a, PB7/SOUT/10mA SINK 


DATA ROM 
USER 
SELECTABLE 


USER PROGRAM 
ROM DATA RAM 


7948 BYTES 192 BYTES TIMER 1 


DATA EEPROM 


adil 

WATCHDOG/TIMER 

POWER SUPPLY 

\—Y} “supervisor [1] Pss 

<=)1_esttion [5 oscar 

[ oscszour 

| scoomen Fir $4-S48 (45 segments) 
<—\} ecoorver [J 


TT 7) com1-coma 
Vials aly ah 


V, OSCIN OSCOUT RESET 


‘SS VLCD 1/3 2/3 3/3 VRO01747 


Yoo 


ST624X LCD DRIVER FAMILY 


DISPLAY 4x24 (Seg) 4x40 (Seg) 4x45 (Seg) 16x40 / 16x48 (Dot) 
8x48 / 8x56 (Dot) 


ROM 4k 8k 8k 8k 


RAM+LCDRAM 128+12 128+24 192+24 192+96 / 192+128 


EEPROM 128 -/128 
8 BIT A/D (Channel) 12 8/12 
TOTAL I/O 16 12/22 


TIMERS 
WATCHDOG TIMER 
SPI 

32kHz Clock 

PSS 

PACKAGE 
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T1/7T1,T3 
1 
1 
-/Yes 


QFP80 / 100 
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ST9 


The ST9 is a high performance 8-bit micro-controller with 16-bit instruction capabilities, optimized for real 
time tasks and high level language development. 


The common core has built-in Timer Watchdog functions for secure operations, Serial Peripheral Inter- 
faces adaptable to low-cost external I“C-bus and Microwire-bus, and an external memory interface with full, 
expandable vectored interrupt and DMA facilities. 


Variations in the peripheral organization suit the different requirements of the middle to high end embedded 
applications. 


The library of peripherals includes a Multifunction Timer, with operating modes to cover almost all timing 
requirements, including the option of DMA to the timing constants and the triggering of other on-chip pe- 
ripherals such as the A/D Converter. 


The A/D converter, offering 8-bit resolution, features an automatic threshold sensing watchdog on two of 
its eight multiplexed input channels. Serial communication is handled by the Serial Communication Inter- 
face with fast asynchronous and byte synchronous capabilities, thanks to its Receive and Transmit DMA 
channels. 


The smallest member of the family, the ST902x offers 16K bytes of ROM and 256 bytes of RAM in addition 
to the 224 general purpose registers available as user RAM in the standard ST9 core. Thanks to its full 
feature DMA controller, powerful SPI and Interrupt Handler, 16-bit programmable Timer/Watch Dog ensur- 
ing system integrity, 16-bit Multifunction Timer with 8-bit prescaler and 12 operating modes allowing the 
easy generation or measurement of complex waveforms, and up to five I/O ports with programmable input 
threshold and output characteristics, the ST902x family provides the Automotive System Designer with the 
computation power of the ST9 at a particularly attractive price/performance ratio. 


3T902X BLOCK DIAGRAM 


ST9026 ST9027 ST9028 
PDIP48 PDIP40 PLCC44 


MEMORY BUS 


SCl 16-bit TIMER 
WITH DMA WITH DMA 


i ene 


VO PORT 0 1/0 PORT 1 1/0 PORT 2 1/0 PORT 3 
( Address/Data ) ( Address ) ( SPI) ( TIMERS ) 


REGISTER BUS 
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$T9040 BLOCK DIAGRAM 


ROM EEPROM RAM _ PRODUCT ALL PRODUCTS ARE PIN TO PIN COMPATIBLE 
(kByte) (Byte) (Byte) PQFP80 PLCC68 


8 - - $T9030 
12 - - ST9032 
16 ST9036 

ST9040 


I'S 
16k Bytes 512 Bytes 256 Bytes 256 Bytes SCI 2 x 16-bit TIMER 
ROM EEPROM RAM REGISTER FILE WITH DMA WITH DMA 
MEMORY BUS | | 
f> sid‘ 


REGISTER BUS 


1/0 PORT 0 1/0 PORT 1 10 PORT 2 VO PORT 3 VO PORT 4 1/0 PORT § 
( Address/Data ) ( Address ) ( SP1) ( TIMERS ) ( Analog Inputs ) WITH HANDSHAKE 


For applications requiring an A/D converter and additional Timing functions, SGS- THOMSON proposes a 
complete set of pin-to-pin compatible devices allowing the easy upgrade of system performance while 
avoiding complete hardware and software rework. 


Starting with the ST9030 and ST9032, with 8K and 12K of ROM respectively and 224 bytes of RAM, the 
designer can enhance his application by plugging into the same socket, either an ST9036 with 16K ROM 
and an additional 256 bytes of RAM, or an ST9040 with 512 bytes of EEPROM for the storage of non vo- 
latile parameters, such as system in-site customization, driver’s personalization... 


ST9 microcontrollers are particularly well suited for car-body applications, such as Multiplexed networks, 
brushless motor control for Climate control, airbag... They can be directly interfaced to the ST9560 VAN 
Data Link Controller. 


Thanks to its Multifunction Timer, ST9 can fully emulate J1850 Protocols while keeping the CPU available 
for Application Management. 


The ST9 also covers the requirements of Vehicle Control applications such as ABS, Active Suspension and 
Power Steering. Finally, the STQ is ideally suited for high-end Car-radio. 
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ST10 
The ST10 is a high performance 16-bit RISC-like microcontroller with a CISC-like Instruction Set, offering 
a 100ns instruction cycle time at an internal clock speed of 20MHz. 


Thanks to its powerful Timer Systems and a 10 bit A/D Converter, the ST10 suits the needs of High-end 
Engine Management Systems. 


The ST10F 166 is the first member of the ST10 family, featuring 32K bytes of Flash EPROM and 1K byte of 
RAM. 


Soon to be introduced are ROM and ROMLESS versions of this device. 


Internal 


Internal 
FLASH EPROM STIOF166 RAM 


32KBytes CPU - CORE any 


SS 


Interrupt Controller 


16 


10-bit | USART| USART 
ADC | ASCO | ASC1 
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THE CONCEPT OF SGS-THOMSON MICROCONTROLLERS 


All SGS-THOMSON microcontrollers are designed with a building block approach. 


CPU Cores are surrounded by a combination of on-chip peripherals available as macro-cells from a stand- 
ard library, which includes ROM, RAM, EPROM, EEPROM, FLASH EPROM, WATCHDOG TIMER, 
MULTIFUNCTION TIMER, A/D CONVERTER, LCD DRIVER and I/O PORTS. 


Protocol! Handlers for Multiplexed Network Systems are presently under development, to be used as stand- 
ard peripherals in future versions of ST7and ST9. 


The Cores, as well as the macro-cells, are fully characterized and fully qualified to meet the requirements 
of the Automotive Environment. 


SGS-THOMSON guarantees all its microcontrollers for the temperature range of -40°C to +85°C. For some 
specific applications, a higher limit such as +105°C or +125°C with adapted electrical specifications can be 
warranted. 


For each family of microcontrollers, S@GS-THOMSON offers EPROM versions for development, OTP for 
pre-series, and ROM for full production. 


Development tools include Real-time emulators, software simulators, C Compilers (except for ST6), 
EPROM and GANG Programmers, and a Real Time Kernel for the ST9. 


Starter-Kits provide a low cost evaluation system for ST62 micro-controllers. 


TECHNICAL DOCUMENTATION 


All SGS-THOMSON microcontrollers have their datasheets provided individually or inside a databook. 
They are listed in the following pages. 


To be able to program microcontrollers, users need good reference material; 


Thus, a complete set of supporting literature is available, including Technical Manuals, Programming Ma- 
nuals, User Guides and Application notes. 
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ST62XX Family 


oe 2 


ST6210 
ST62E10 
916215 
ST62E15 
ST6220 
ST62E20 
ST6225 
ST62E25 
ST6240 
ST62E40 
S1T6242 
ST62E42 
ST6245 
ST6280 
ST62E80 
ST6285 


Gen. Purpose with A/D Converter 
EPROM & OTP version 
Gen. Purpose with A/D Converter 
EPROM & OTP version 
Gen. Purpose with A/D Converter 
EPROM & OTP version 
Gen. Purpose with A/D Converter 
EPROM & OTP version 
Alphanum. LCD Driver, PQFP80 
EPROM & OTP version 
Alphanum. LCD Driver, PQFP80 
EPROM & OTP version 
Alphanum. LCD Driver, PQFP80 
Dot Matrix LCD Driver, PQFP100 
EPROM & OTP version 
Dot Matrix LCD Driver, PQFP80 


o © 
OO 0 


aaaadadada tk: 


ST6291/92 Low Voltage/Low Current Applications 
ST6293/94 Low Voltage/Low Current Applications 
ST62E93/94 EPROM & OTP version 

A Included in to the ST624X LCD DISPLAY Databook for seen for Q193 

@ Available datasheets only. 
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ST9 Family 


$1T9026/27/28 
ST90E26/27/28 
ST90R26 
ST9030 
ST9OR30 


ST9032 
ST9036 
ST9040 
ST90E40 
ST9OR40 
ST90R50 


16K ROM 

16K EPROM 

ROMLESS Version 

8K ROM with A/D Converter 

ROMLESS Version 

12K ROM with A/D Converter 

16K ROM with A/D Converter 

16K ROM with A/D Converter and EEPROM 
16K EPROM with A/D Converter and EEPROM 
ROMLESS Version 

ROMLESS with Bankswitch and A/D Converter 


a Available datasheets only 


ST10 Family 


ST10F166 
ST10166 
ST10R166 
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256K FLASH Memory with A/D Converter 
16K ROM with A/D Converter 
ROMLESS Version 
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L387A 


VERY LOW DROP 5V REGULATOR WITH RESET 


» PRECISE OUTPUT VOLTAGE (5 V +4 %) 

» VERY LOW DROPOUT VOLTAGE 

s OUTPUT CURRENT IN EXCESS OF 500mA 

» POWER-ON, POWER-OFF INFORMATION 
(RESET FUNCTION) 

» HIGH NOISE IMMUNITY ON RESET DELAY 
CAPACITOR 


DESCRIPTION 


The L387A is a very low drop voltage regulator in 
a Pentawatt® package specially designed to pro- 
vide stabilized 5V supplies in consumer and in- 
dustrial applications. Thanks to its very low 
input/output voltage drop this device is very use- 
ful in battery powered equipment, reducing con- 
sumption and prolonging battery life. A reset out- 
put makes the L387A particularly suitable for 
microprocessor systems. This output provides a 
reset signal when power is applied (after an ex- 
ternal programmable delay) and goes low when 


ABSOLUTE MAXIMUM RATINGS 


Pentawatt® 


ORDERING NUMBER : L387A 


power is removed, inhibiting the microprocessor. 
An hysteresis on reset delay capacitor raises the 
immunity to the ground noise. 


| Symbol | Parameter | ate it 
D.C. Input Voltage 


Junction and Storage Temperature Range 


APPLICATION CIRCUIT 


* Min 33 pF and max. ESR < 3 Q over temperature range. 


October 1991 


—55 to 150 


OUTPUT 
VOLTAGE 


OUTPUT 


5 -5898/1 


1/4 


35 


L387A 


PIN CONNECTION (Top views) 


5 > +VOUT 
640" DELAY CAPACITOR (Cd) 
cs GROUND 


2... CD RESET OUTPUT 
1c _—_2 + Vin 


(tab connected to pin 3) S - 5307 


BLOCK DIAGRAM 


PNP OUTPUT 
TRANSISTOR 


a OUTPUT 
J ee i 
LIMITER 


—-T TT 
THERMAL RESET 
PROTECT. CIRCUIT 

DE 


LAY 
O CAPACITOR 


THERMAL DATA 


Rthjcase| |}hermal Resistance Junction-case Max | 4 | “C/W 


2/4 ; 
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ELECTRICAL CHARACTERISTICS (refer to the test circuit, V, = 14.4 V, Tj = 25 °C, C, = 100 pF; 
unless otherwise specified) 


Symbol| Parameter | Test Conditions == |_ Min. | Typ. 
Vo Output Voltage lo =5 mAto 500 mA_ T, =25 °C 4.80 5.00 5.20 V 
—-40<T,< 125°C 4.75 5.00 5.25 
V Operating Input (*), Over Full T Range (— 40 to 125 °C) 26 
Voltage (see note **) 
: 
15 


= 
Le 2 
ae 
V;-— Vo | Dropout Voltage lp = 350 mA o _ 0.40 0.65 
20 35 
60 100 mA 
100 160 
AVo Temperature 
AT Output Voltage Drift 


Supply Voltage lp = 350 mA f = 120 Hz 

Rejection Cy = 100 nF V,=12 V5 Vpp 

Output Short Circuit 1.2 
Current 


V 
mV 
mV 

V 


o 


V Reset Output 1<V,. <4.70V 


Voltage Ip = 16 MA 15<V, <4.70V 


Over Full T (— 40 °C < T, < 125 °C) 


SVR 

Isc 
Reset Output Vo in Regulation Vp = 5V 
Leakage Current Over Full T Range 


Delay Time for Cd = 100 nF 
Reset Output Over Full T Range 
VAT (off) Vo. @ Reset out H to L Transition, Over 4.70 Vo V 
Full T Range — 0.15 
lca Charging Current V4=3V 10 20 30 LA 
(current generator) 
Vat (on) | Power on Vo @ Reset out L to H Transition , Over VAT (off) Vo V 
Vo Threshold Full T Range + 0.05 V|— 0.04 V 
Threshold 


ERECERSE.E 


on ied a 
ro) om 
< 


25 


a 
” 


(pin 4) 


| Vu [Hysteresis Voltage | OverFullTRange | St 450 | 


(*) Fora DC voltage 26 < Vi < 37 V the device Is not operating. 
(**) Design limits are guaranteed (but not 100 % production tested) over the indicated temperature and supply voltage ranges. 
These limits are not used to calculate outgoing quality levels. 
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Figure 1 : Dropout Voltage vs. Output Current. Figure 2 : Quiescent Current vs. Output 
Current. 
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Pe Adee fe ae des te 
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Peer TT rere ee 
wg Eee ae eed eles tial 
ESR RSR ASSES RERESEAS 
eee tase icise 
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ee eee eee 
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L482 


HALL—EFFECT PICKUP IGNITION CONTROLLER 


» DIRECT DRIVING OF THE EXTERNAL PO- 
WER DARLINGTON 

a COIL CURRENT CHARGING ANGLE (DWELL) 
CONTROL 

a» COIL CURRENT PEAK VALUE LIMITATION 

a CONTINUOUS COIL CURRENT PROTECTION 

a» CONDUCTION AND DESATURATION TIME 
OUTPUT SIGNALS 

» PERMANENT CONDUCTION PROTECTION 
RESET OUTPUT SIGNAL 

a» OVERVOLTAGE PROTECTION FOR EXTER- 
NAL DARLINGTON 

s LOAD DUMP PROTECTION 


DESCRIPTION 


The L482 is an integrated circuit designed for use 
with an NPN darlington in breakerless ignition sy- 
stems with hall-effect pickup sensors and high ener- 
gy ignition coils. 

It controls the energy stored in the ignition coil and 
the desaturation time of the external darlington to 
limit the power dissipation. 


S016 


ORDERING NUMBERS : L482 (DIP 16) 
L482D1 (SO16) 


The L482 is also particularly suitable for use as igni- 
tion control and driving stage in more sophisticated 
car electronic systems which employ microproces- 
sor Circuits. 


PIN CONNECTIONS (top views) 


CHARGING ANGLE 


CHARGING ANGLE PERIOD SIGNAL 


DRIVING STAGE DRIVING STAGE 
PERIOD SIGNAL OUTPUT OUTPUT 
OVERVOLTAGE 


OVERVOLTAGE 
LIMITATION 


LIMITATION 


HALL-EFFECT INPUT HALL-EFFECT INPUT 


OWELL CONTROL DOWELL CONTROL 


DWELL CONTROL 
DWELL CONTROL TIMER 2 GROUND 
TIMER 

HALL SENSOR SUPPLY 


HALL SENSOR SUPPLY SIGNAL GROUND 


DESATURATION TIME 
SIGNAL 


OESATURATION TIME 
SIGNAL 


REFERENCE VOLTAGE REFERENCE VOLTAGE 


PERMANENT CONDUCT. 
PROTECTION TIMER 


PERMANENT 
CONDUCTION 
RESET OUTPUT 


PERMANENT CONDUCT. | 8 
PROTECTION TIMER 
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ABSOLUTE MAXIMUM RATINGS 


Symbol Parameter 
Reverse Battery Voltage 
Dump Voltage (tn =5ms, t = 100ms) 


Power Dissipation at T = 90°C S016 
DIP 


Junction and Storage Temperature 


BLOCK DIAGRAM 


DESATURATION 
O REFERENCE SIGNAL Sy ENOE TAGE A 
i DRIVER DRIVER 
S 


DWELL ORIVER DARLINGTON 


CONTROL CE) ~* 
CONTROL caGic ORIVER a 


CURRENT DUMP 
CONTROL PROTECTION 


THERMAL DATA (DIP-16) 


Thermal Resistance Junction-ambient Max a ee ee 


THERMAL DATA (SO-16) 


Thermal Resistance Junction-alumina Max 


(") Thermal resistance junction-aluminia with the device soldered on the middle of an aluminia supporting substrate measuring 15 x 20mm ; 
0.65mm thickness with infinite heatsink. 
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CONDUCTION 
TIME SIGNAL 


HALL-EFFECT INPUT 


DWELL CONTROL 


DWELL CONTROL TIMER 


HALL SENSOR SUPPLY 


DESATURATION TIME 
SIGNAL 


REFERENCE VOLTAGE 


PERMANENT CONDUCT. 
PROTECTION TIMER 


PERMANENT CONDUCT. 
RESET OUTPUT 
(no available in 
Micropackage) (*) 


CURRENT SENSING 
INPUT (*) 


DUMP PROTECTION (*) 


POWER SUPPLY (*) 


L482 


A low level on this output signal indicates when the external darlington 
is in the ON condition i.e. when the current flows through the coil (ton 
in fig. 1). 


Hall-effect Pickup Input. A high level on this pin enables the current 
driving into te coil. The effective coil charge will be a function of the 
dwell control logic. A High to Low transition from the Hall-effect pickup 
is the signal for ignition actuation. The input signal, supplied by the 
open collector output stage of the Hall-effect sensor, has a duty cycle 
typically about 70%. 


The average voltage on the capacitor C2 connected between this pin 
and ground depends on the motor speed and the voltage supply. The 
comparison between Vce2 and Vcs voltages determines the timing for 
the dwell control. The recommended value is 100nF using a 100KQ 
resistor at pin 7. For the optimized operation of the device, C2=Cs. 


The capacitor Cs connected between this pin and ground is charged 
when the Hall-effect output is high and is discharged at the High to 
Low transition of the Hall-effect signal. The recommended value is 
100nF using a 100KQ resistor at pin 7. 


This pin can be used to project the Hall-effect pickup against the 
voltage transients. The resistor Ra limits the currrent into the internal 
zener. 


Open Collector Output Signal. This output is high when the external 
darlington is in desaturatiuon condition (current limitation), see tg pulse 
in fig. 1. 


A resistor Ri; connected between this pin and ground sets the internal 
current used to drive the external capacitors of the dwell control (C2 
and Cs) and permanent conduction protection (C;). The recommended 
value is 100KQ. 


A capacitor C; connected between this pin and ground determines 
the intervention delay of the permanent conduction protection, tp< of 
the figure 2. With a 1uF capacitor and 100KQ resistor Ri; at pin 7 
the typical delay is 1s. 


A low pulse on this output detects the intervention of the permanent 
conduction protection, as shown in figure 2. Typically the duration of 
the time t, is more than 100ys. 


Connection for coil current limitation. The current is measured on the 
sensing resistor Rs and divided on R:/Ro resistors. The current 
limitation value is given by : 

Ry + Ro 


| = Vsens 
SENS Aca Re 


The device is protected against the load dump. In load dump condition 
an internal circuit, based on a zener diode and a darlinton transistor, 
switches off the external darlington and short circuits the supply. By 
means of the external divider R8/R9 the protection threshold can be 
changed and is given as first approximation by : 


Rg + Rog -4 
ee 5°10" °-R 
Ro : 


(the resistor R8 value must be higher than 4KQ). 


Supply Voltage Input. A 7V (typ) zener is present at the input. The 
external resistor R7 limits the current through the Zener for high 
supply voltages. 


Voth = 8.5. 
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PIN FUNCTIONS (continued) 


GROUND This pin must be connected to ground. 


DRIVER COLLECTOR The collector current of the internal driver which drives the external 
darlington is supplied through this pin. The external resistor Ri limits 
the dissipation in the I.C. The value of the resistor is a function of the 
darlington used and of the limiting current in the coil. 


The darlington is protected against overvoltage by means of an 
internal zener available at this pin. The external divider Rs5/Re defines 
the limitation value, given as first approximation by : 


Vovp =(3+5- 107°) * Rg +30 


OVERVOLTAGE 
LIMITATION 


DRIVING STAGE 
OUTPUT 


Current driver for the external darlington. To ensure stability and 
precision Of Tgesat G3 and R3 must be used. Recommended value 

for Rg is 2KQ in order not to change the open loop gain of the system. 
Ro may be added to Cz to obtain greater flexibility in various 
application situations. 

C3 and Rc values ranges are 1 to 100nF and 5 to 30KQ depending on 
the external darlington type. 


(*) These pins refer only to the DIP package type. 
For the SO 16 version the permanent conduction reset output signal is not available and the pin 9 becomes the current sensing input. Pin 10 
replaces the pin 11 function, pin 11 becomes the power supply input and pin 12 is used as the signal ground. 


ELECTRICAL CHARACTERISTICS (Vs = 14 V, — 40°C < Tj < 125°C referred to application circuit of 
figure 3 regarding DIP-16 package version) 


Vs 
Is 
Vz 
Vi 
Vuz 
lHz 


Tvs [Operating surpyvotage [SS 
~s 
aa 


Supply Current Vio = 4.5V 
Zener Voltage (pin 12) Iz = 80mA 6. 


Sensor Input (pin 2) 
LOW Voltage 
HIGH ; 
Sensor Input Current (pin 2) V; = LOW —1 mA 
Vs = 6 to 16V 
Hall-cell Supply Zener Voltage] Inz = 10mA 19 22 25 V 
(pins) 
Hall-cell Supply Zener Current] t = 10ms 100 
(pind) Tams = 25°C 
VCE sat Series Darlington Driver Sat.}| lo = 70mA 0.6 V 
(Vis—-Vie) | Voltage lo = 150mMA 0.4 1.0 V 
VSENS Current Limit. Sensing Voltage] Vs = 6 to 16V 20 
(pin10) 


0 

I3p C2 Discharge Current Vs = 6 to 16V 0.2 
I3c C2 Charge Current (*) Note 1 
Isc/Iap 


Vovz External Darlington Overvoltage} lovz = 5mA to 15mA 
Protection Zener Voltage Tams = 25°C 
ae ae Desaturation Time f=40Hz Vs = 14V 


Typ 
5 


NO 
ol 


un 
nm 


aay 


oO 


N 
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ELECTRICAL CHARACTERISTICS (Continued) 


eC 


tec Permanent Conduction] Vi = H 
Protection Time (pin 8) (see fig.| C; = 1pF 
2) 


Charging Angle Output Voltage 
LOW 


Vi 


Isink = 0 
Isink = 1MA 

Isource = 1.5mA 
IsouRcE = 2.5mA 


Ve Desat. Time Output Low] le (sink) = 0.5mA 
Voltage 

let Desat. Time Leakage Current} Ve = 5V 0.5 
(pin6) 

lot Permanent Conduction Reset Vg = 5V 10.5 pA 
Leakage Current (pin9) 


HIGH 


APPLICATION INFORMATION 


Figure 1 : Main Waveforms. 
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Figure 2 : Low Frequency Condition and Permanent Conduction Protection. 


ONLY FOR DIP-16 
PACKAGE VERSION 


$-7564/1 


Figure 3 : Application circuit (DIP—16). 


R7 


R8 nie 
100n askoa 


0.1 pF 43KN 


HALL SENSOR 
SUPPLY 
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INPUT 


CONDUCTION 
TIME OUTPUT 


DESATURATION 0 
TIME OUTPUT 


PERMANENT 
CONDUCTION O (BU9302Z) 
PROTECTION OUTPUT * 
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*WITH INTERNAL PROTECTION ZENER 
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Figure 4 : Application Circuit (SO-16). 


HALL SENSOR © 
SUPPLY 


HALL SENSOR ¢ 
INPUT 


CONDUCTION 


TIME OUTPUT L482D) 


DESATURATION 
TIME OUTPUT 


*KWITH INTERNAL PROTECTION ZENER 


CIRCUIT OPERATION 


The L482 control the conduction time (dwell) and the 
peak value of the primary current in the coil over the 
full range of operating conditions. 


The coil current is limited to a predetermined level 
by means of a negative feedback circuit including a 
current sensing resistor, a comparator, the driver 
stage and the power switch. 


The dwell control circuit maintains the output stage 
in its active region during current limitation. The time 
the output stage is in the active region (desaturation 
time) is sufficient to compensate for possible varia- 
tions in the nergy stored due to the acceleration of 
the motor ; moreover this time is limited to avoid ex- 
cessive power dissipation. 


CONTROL OF THE DWELL ANGLE (fig. 1 and 4) 


The dwell angle control circuit calculates the con- 
duction time D for the output transistor in relation to 
the speed of rotation, to the supply voltage and to 
the characteristic of the coil. 


On the negative edge of the Hall-effect input signal 
the capacitor C2 begins discharging with a constant 
current I3p. When the set peak value of the coil cur- 


L482 


} Bu931R 
& eye s02) 


$-7566/1 


kept constant by desaturating the driver stage and 
the external darlington. 


The capacitor Cs starts charging on the positive 
edge of the Hall-effect input signal with a constant 
current l4c. 


The dwell angle, and consequently the starting point 
of the coil current production, is decided by the com- 
parison between Vce2 and Vcs. A positive hysteresis 
is added to the dwell comparator to avoid spurious 
effects and Cs is rapidly discharged on the negative 
edge of Hall-effects input signal. 


In this way the average voltage on Co increases if 

the motor speed decreases and viceversa in order 

to maintain constant the ratiotd at any motor speed. 
T 


td is kept constant (and not d = cost) to control the 
power dissipation and to have sufficient time to 
avoid low energy sparks during acceleration. 

The charging time D — td depends on the coil and 
the voltage supply. 

DESATURATION TIMES IN STATIC CONDITION- 
S.In static conditions, if C2 = C5 as recommended 
and if the values of the application circuit of fig. 3, 4 
are used. 


rent is reached, this capacitor charges with a con- id 1 
stant current Igc = 13.3 x I3p and the coil current is 7 = 1+ belay 
Ga SGS-THOMSON 
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DESATURATION TIMES IN LOW AND HIGH FRE- 
QUENCY OPERATION. Due to the upper limit of the 
voltage range of pin 3, if the components of fig. 3, 4 
are used, below 10Hz (300RPM for a 4 cylinder en- 
gine) the OFF time reaches its maximum value 
(about 50ms) and then the circuit gradually loses the 
control of the dwell angle because D = T — 50ms 


Over 200Hz (6000RPM for a 4 cylinder engine) the 
available time for the conduction is less than 3.5ms. 


If the used coil is 6mH, 6A, the OFF time is reduced 
to zero and the circuit loses the dwell angle control. 


TRANSIENT RESPONSE. The ignition system 
must deliver constant energy even during the con- 
dition of acceleration and deceleration of the motor 
below 80Hz/s. These conditions can be simulated 
by means of a signal generator with a linearly mo- 
dulated frequency between 1Hz and 200Hz (this 
corresponds to a change between 30 and 6000RPM 
for a 4 cylinders engine. 


CURRENT LIMIT. The current in the coil is monito- 
red by measuring the Isense current flowing in the 
sensing resistor Rs on the emitter of the external dar- 
lington. lsense iS given by : 

Isense = Icoil + l16 
When the voltage drop across Rs reaches the inter- 
nal comparator threshold value the feedback loop is 
activated and Isense kept constant (fig. 1) forcing the 
external darlington in the active region. In this con- 
dition : 

Isense = Ico 

When a precise peak coil currentis required Rs must 
be trimmed or an auxiliary resistor divider (Ri, Re) 
added : 


V R 
Icpeak (A) = aks 


oo ee ik) 
Rs Re 


PROTECTION CIRCUIT 


PERMANENT CONDUCTION PROTECTION 


The battery voltage is applied to ignition module by 
means of the ignition key. In these conditions, with 
the motor stopped, it is necessary that there is no 
permanent conduction in the ignition coil irrespecti- 
ve of the polarity of the input signal. 


The L482 incorporates a timing circuit to implement 
this protection ; the duration of the intervention is set 
by means of a capacitor C1 at pin 8 = 1pF, and 
Ri1 = 100kQ, when the input signal is high for more 
than 1 s, the coil current gradually decreases down 
to zero to avoid spurious sparks (see fig. 2). 


This timing allows normal operation of the module 
above 30RPM. 


DARLINGTON OVERVOLTAGE LIMITATION 


The darlington is protected against overvoltage by 
means of an external divider Rs/Re (pin 15) and an 
internal zener. This zener drives the external darlin- 
gton in order to limit the collector voltage. 


REVERSE BATTERY PRTOTECTION. Due to the 
presence of external impedance at pin 5, 10, 11, 14, 
15, L482 is protected against reverse battery volt- 
age. 


DUMP PROTECTION. 


The load dump protection withstands up to 100V 
with a decay time < 300ms. The intervention thre- 
shold for load dump is fixed by means of an external 
divider connected to pin 11 (DIP-16 package ver- 
sion) or to pin 10 using a Micropackage type. 


NEGATIVE SPIKE PROTECTION. If correct opera- 
tion is requested also during short negative spikes, 
the diode DS and capacitor Cs must be used. 


USE OF THE IC ELECTRONIC ADVANCE SY- 
STEM 


When the device is digitally controlled the control 
unit transmits a suitable input signal to the power 
module, receiving in turn information that allows the 
control of the dwell and the on time of the final tran- 
sistor. 


For this reason L482 provides the following outputs : 


s atime signal equal to the time in which the final 

‘ Darlington is in the active regioni.e. when the coil 
current is limited (Vas) as shown in figure 1. This 
signal must be TTL compatible. 


» a TTL compatible output from the timing circuit 
(Vrs in figure 2). This pulse, available only using 
the DIP-16 package version is present after the 
protection against cranking transients. 


= atime signal equal to the time in which the final 
Darlington, is in “on” condition (Von) i.e. when the 
current flows through the coil, see fig. 1. 


OTHER APPLICATION INFORMATION 


If the supply voltage is disconnected - or the battery 
wire is broken - while the current is flowing through 
the coil, the external diode Di keeps the coil current 
from recirculating into the device : in this way both 
device and darlington are protected. 
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MAGNETIC PICKUP IGNITION CONTROLLER 


2 DIRECT DRIVING OF THE EXTERNAL DAR- 
LINGTON 

» OPERATES WITH A WIDE RANGE OF MA- 
GNETIC PICKUP TYPES 

» CHARGING ANGLE (DWELL) CONTROL 

=» COIL CURRENT PEAK LIMITATION 

s CONTINUOUS COIL CURRENT PROTECTION 

u TACHOMETER SIGNAL OUTPUT 

2 EXTERNAL DARLINGTON OVERVOLTAGE 
PROTECTION 

» LOAD DUMP AND REVERSE BATTERY PRO- 
TECTION ; 

=» POSSIBILITY OF SPARK POINT DELAYING 
(ANTI KNOCK SYSTEM) 


DESCRIPTION 


The L484 is an integrated circuit designed for use 
with an NPN darlington in breakerless ignition sy- 
stems with magnetic pickup sensors and high ener- 
gy ignition coils. 

A key feature of the L484 is flexibility. It can be used 
with a wide variety of magnetic sensors thanks to the 


BLOCK DIAGRAM 


OWELL 
ADJUST 
CONTROL 


ZERO 
CROSS 
DETECTOR 


November 1991 


CURRENT 
CONTROL 


special design which has two input pins from the pic- 
kup ; the first is the zero crossing detector for the ig- 
nition command and the second pin is used to cal- 
culate the dwell time. Moreover another pin is used 
to adapt the L484 to various pickup types. 


Other features of the device include darlington over- 
voltage protection, dump protection, a supply volt- 
age range of 6-28 V. 


ORDERING NUMBERS : L484 (DIP16) 
L484D1 (SO16) 


O 
DUMP 
PROTECTION 


CONTROL DARLINGTON () 
C) 


TACHOMETER 
SIGNAL 
DRIVER 


@ 
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ABSOLUTE MAXIMUM RATINGS 


[symbot | —=S~S~*~*~< avemeter SCSCSC*~“~*~*~rSCS*~CS~«S a «dC 
[Pier | Power Dissipation at Tams 280% —~OSC~C~“~*“‘*~dSCSC*‘“‘“~*‘ Sd 


PIN CONNECTION 


DRIVING STAGE 
CURRENT SENSING OUTPUT 


VERVOL TAGE 
PICKUP INPUT 7 LIMITATION 


PERMANENT 
CONDUCTION TIMER 


PERMANENT 
CONDUCTION INHIBIT 


RPM OUTPUT 


DWELL TIME ADJUST 


DOWELL TIMER 


ZERO CROSSING INPUT |} 8 


THERMAL DATA (DIP-16) 


Thermal Resistance Junction-ambient Max a: ee ee 


THERMAL DATA (SO-16) 


Thermal Resistance Junction-alumina Max a. ee oe 
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PIN FUNCTIONS (refer to fig. 2) 


Pome | Name Futon 


1 CURRENT SENSING Connection for Coil Current Limitation. The current is measured on the 
INPUT sense resistor Rsens and divided on R1/R2. The current limitation 
PICKUP INPUT 


value is given by : 
Ri + R2 

PERMANENT CONDUCT. | A capacitor C1 connected between this pin and ground sets the delay 

PROTECTION TIMER of the permanent conduction protection in the coil current. Using a 


Rsens R2 
Magnetic Pickup Signal Input. This pin sets the dwell time, i.e. the max 
50nF capacitor the typical desaturation time delay for the protection is 
75ms. 


negative pickup voltage value starting from which the device can drive 
the current into the coil. The real dwell time will be a function of the 
3 
4 PERMANENT CONDUCT. | A low level on this input (max 0.7V) disables the protection, irrespective 
PROTECTION INHIBIT | of the state of pin 3. If the protection is used this pin must be left open. 
RPM OUTPUT Open collector output signal which is at a low level when the final 


dwell control logic. Increasing the resistor R11 the maximum 
darlington is in ON status. The current is internally limited at 10mA. 
DWELL TIME ADJUST 


IsENS = 


conduction time increases. The max input current foreseen is 2mA. 
At high motor rotation speeds, i.e. when the peak value of the 
magnetic pick-up signal exceedes 6V using R12 = 100KQ, this pin may 
be used to vary the dwell ratio. Adding a resistor in series Ra between 
this pin and pin 11 the desaturation time is reduced. It is therefore 


possible to use this pin to adapt the L484 to various pickup types. The 
maximum value of the resistor Ra is 200KQ. 


DWELL CONTROL TIMER] A capacitor C2 connected between this pin and ground sets the timing 
for the dwell control. The recommended value is 100nF. The 

resistors Rp/Re- provide an hysteresis to confirm ON state and avoid 
spurious sparks. 


ZERO CROSSING INPUT | Zero cross detector input of the magnetic pickup signal for the ignition 
actuation. At high motor rotation speeds, the external resistor R12 may 
be used to vary the desaturation time ratio, to adapt the L484 to 
various signal waveforms of time magnetic pick-up. Reducing the 
resistor value the dwell time increases. Typically the range of values 
for resistor R12 is from 50KQ to 150KQ. 


A low level on this pin forces the external darlington into conduction 
particularly useful in anti knock system. This function is particularly 
useful in antiknock system because provides a spark time delay. 
Anyway the current limitation, the permanent conduction protection and 
the dump protection are operating even when pin 9 is at a low level. If 
this function is not used it must be left open. 


SIGNAL GROUND This pin must be connected to ground. 

11 POWER SUPPLY Supply Voltage Input. A 7V (typ) zener is present at the input. The 
external resistor RQ limits the current through the zener for higher 
supply voltages. 

* this function is particularly useful in antiknock systeme because provides a spark time delay. anyway the current limitation, the pemanent con 
duction protection and the dump protection are operating even when pin 9 is at a low level. 


POWER-ON INPUT 
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PIN FUNCTIONS (continued) 


DRIVER COLLECTOR 
INPUT 


OVERVOLTAGE 
LIMITATION 


DRIVING STAGE 
OUTPUT 
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The device is protected against the load dump. In load dump condition 

an internal circuit, based on a zener diode and a darlington transistor, 

switches off the external darlington and short circuits the supply. 

By means of the external divider R8/R9 the protection threshold can be 

changed and is given as first approximation by : 

R8 + RQ 
R9 


Voth = 8.5 ( )+5*10 4 R8 


ne resistor R9 value must be higher than 4KQ). 


The collector current for the internal driver which drives the external 
darlington is supplied through this pin. The external resistor R10 limits 
the dissipation in the IC. The value this resistor depends on the 
darlington used and on the limiting current in the coil. 


The external darlington is protected against overvoltage by means of 
an internal zener available at this pin. The external divider R5/R6 
defines the limitation value, typically given by : 

30 
Vovp =(Be- + 5° 10°) « R6 + 30 
Current Driver for the External Darlington. To ensure stability on the 
current limitation loop a capacitor C3 (typically 2.2nF, this value 
depending on the darlington used) must be connected between this pin 
and the current sensing input (pin 1). 


f SGS-THOMSO 
S/ i Se naees 


L484 


ELECTRICAL CHARACTERISTICS (Vs = 14.4V ; Ty = - 40 to 125°C unless otherwise specified ; 
referred to the test circuit) 


Symbot [Parameter + Test Gonaitions | wi. | Typ. [aax. | Unit_ 
ret [atv] 


Vis Input Stage Voltage (pin 2 with 160 | 200 | 240 mV 
10KQ resistor) 


Vz 


Cp wett Charge Current at LOW RPM 


Cp wet Discharge Current Vpick-up = 0.5V ; 
or pin 6 not connected 


(*) Note 1 
at HIGH RPM 


Cp we_c_ Charge Current 


(**)Note2 ° ; ; 
Vpin3 Threshold Voltage Tange 25°C 0.85 4 
I3 Output Current (***) Note 3 3 
Vop Continuous Coil Current Protection Inhibit | 0.7 4} V 
LOW Voltage (pin 4). 
VoEsat Series Darlington Driver lointa = 150MA 0.4 1 
Saturation Voltage (Vpin 14 - 16) Ipini4 = 5O0mA 
Zener Volt. Pin 11 lbint1 = 140MA | 
Vovz External Darlington Overvoltage TLanb-=2o°6. 25 
Protection Zener Voltage lpints = 5 to 15mMA 
VcH 
IcH 


Tachometer Signal Output LOW Voltage. | ON Condition 
(pin 5) Isink = 0.5mA 
Output Leakage (pin 5) OFF Condition 
Vpins =5V 
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DUMP PROTECTION 


(*) Note 1 : TD/T is given by the formula : 


TD 1 
T 1 + 17D/7C 
(**) Note 2: 
TD K 
T 1 + I7D/A7C 


K value depends on the pick-up used in the application ; typically K = 0.1 


Symbol | Paramater | Test Gonaitions | win. | Typ. [ Max. | Unit 


Ipint2 = 2mA 


75 | | 95 |v 


(***) Note 3 : the permanent conduction protection is guaranteed over the full temperature range 


CIRCUIT OPERATION 


The L484 controls the charging angle (dwell) and 
the peak value of the primary current in the coil over 
the full range of operating conditions. 


The coil current is limited to a predetermined level 
by means of a negative feedback circuit including a 
current sensing resistor, a comparator, the driver 
stage and the power switch. 


The dwell conirol circuit keeps the output stage in its 
active region during current limitation. The time the 
output stage is operating in the active region (de- 
saturation time), is sufficient to compensate for 
possible variation in the energy stored due to the ac- 
celeration of the motor ; moreover this time is limited 
to avoid excessive power dissipation. 


MAGNETIC PICK-UP CHARACTERISTICS 


The typical magnetic pickup waveforms are shown 
in fig. 1, the amplitude of the signal being a function 
of the frequency. However on the market there are 
many types of magnetic pickup, of which the wave- 
forms may differ very much. Adjusting the value of 
the resistor R11 on pin 2 and/or adding a resistor Ra 
between the pin 6 (dwell adjust) and pin 11, as 
shown in the application circuit, itis possible to adapt 
the L484 to a wide range of magnetic pickup wave- 
forms. 


Particularly by means of the resistor R11 on pin 2 it 
is possible to define the maximum advance of the 
conduction start into the coil . This is very useful at 
high pick—up frequency. 


CONTROL OF THE DWELL ANGLE 


The dwell angle control circuit defines the conduc- 
tion time of the output darlington, versus the speed 
of rotation, the supply voltage and the charac- 
teristics of the coil. 


In each cycle the time the transistor operates in the 
active region is compared with a reference time and 
the error signal amplified to advance or delay the 
conduction in the next cycle. To limit the power dissi- 
pation the desaturation time is typically fixed 
to 10% of the period T. 


At very low frequencies the ON thershold is fixed at 
200mV of the input signal and the desaturation time 
is mainly determined by the peak waveform. This 
positive threshold also prevents permanent conduc- 
tion when the motor is stopped. When the input fre- 
quency increases the dwell control gradually sets 
the desaturation time to 10% of the period. At higher 
frequencies the ON threshold becomes negative to 
permit a conduction angle of more than 50% always 
keeping desaturation time to 10% of the period. 


CURRENT LIMITING 


The current in the coil is measured by means of a 
voltage drop across a Suitable resistor in the emitter 
lead of the power transistor. When the threshold 
voltage (260mV typ) is reached, the coil current is 
kept constant via a feedback loop. 
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DARLINGTON OVERVOLTAGE LIMITATION 


The darlington is protected against overvoltage by 
means of an external divider Rs/Re (pin 15) and an 
internal zener. This zener drives the external dar- 
lington in order to limit the collector voltage. 


CHARGING ANGLE SIGNAL OUTPUT 


This signal is intended for tachometer applications 
(pin 5). It consists of an open collector stage with 
current internally limited at 10maA 


PROTECTION CIRCUITS 
PERMANENT CONDUCTION PROTECTION 


This function is intended to prevent continuous cur- 
rent conduction in the final stage when the magnetic 
pickup is open or intermittent. The duration of the in- 
tervention is set by means of a capacitor 1 at pin 3. 
Grounding pins 3 or 4, this protection is eliminated. 
The inhibit function at pin 4 is particularly useful 
when an external logic control is used to disable the 
permanent conduction protection. 


REVERSE BATTERY AND DUMP PROTECTION 


Due to the external resistors Re, R7, Rs, Rio the de- 
vice is protected against reverse battery. The load 
dump protection withstands up to 100V with a decay 
time < 300ms. The intervention threshold for load 
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“POWER ON” SIGNAL INPUT 


In the low status this input forces the external dar- 
lington into conduction (pin 9). This control input can 
be used together with the conduction time informa- 
tion coming from pin 5 to bypass the normal dwell 
time calculation. When an external logic control is 
used to recognize particular engine condition (as in 
anti Knock system). 


dump is fixed by means of an external divider con- 
nected to pin 11. 


OTHER APPLICATION INFORMATION 


If the supply is voltage disconnected - or the battery 
wire is broken - while the current is flowing through 
the coil, the external diode D1 keeps the coil current 
from recirculating into the device : in this way both 
device and darlington are protected. 


The zener diode Dz, connected between pin 14 and 
GND, allows to withstand positive spikes up to 200V. 


The device - used in the recommended application 
circuit - satisfies the ISO/DP 7637/1 overvoltage 
standard. 


Figure 1 : Typical Magnetic Pick-up Waveform and L484 Response at low and high 


fequency. 
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Figure 1 : Typical Magnetic Pick-up Waveform and L484 Response at Low and High Frequency 
(continued). 
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Figure 2 : Application Circuit. 
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HALL EFFECT PICKUP IGNITION CONTROLLER 


a» DIRECT DRIVING OF THE EXTERNAL 
POWER DARLINGTON 

a COIL CURRENT CHARGING ANGLE (dwell) 
CONTROL 

» PROGRAMME COIL CURRENT PEAK LIMITA- 
TION 

» PROGRAMMABLE DWELL RECOVERY TIME 
WHEN 94% NOMINAL CURRENT NOT 
REACHED 

a RPM OUTPUT 

» PERMANENT CONDUCTION PROTECTION 

» OVERVOLTAGE PROTECTION FOR EXTER- 
NAL DARLINGTON 

a INTERNAL SUPPLY ZENER 

a» REVERSE BATTERY PROTECTION 


DESCRIPTION 


The L497 is an integrated electronic ignition control- 
ler for breakerless ignition systems using Hall effect 
sensors. 


BLOCK DIAGRAM 


POWER SUPPLY 
O 


BIAS 
CURRENT 


HALL 

EFFECT O 
INPUT 
OWELL 
CONTROL 


DOWELL 
CONTROL 


CONTROL 
SWITCH 


DIP16 SO16 
ORDERING NUMBERS : L497B (DIP16) 
L497D1 (SO16) 


The device drives an NPN external darlington to 
control the coil current providing the required stored 
energy with low dissipation. 


A special feature of the L497 is the programmable 
time for the recovery of the correct dwell ratio ta/T 
when the coil peak current fails to reach 94% of the 
nominal value. In this way only one spark may have 
an energy less than 94% of the nominal one during 
fast acceleration or cold starts. 


ORIVER 
COLLECTOR 
INPUT 

O 


OVERVOLTAGE 


PROTECTION ; 


5_o OVERVOLTAGE 
—o tt 


CESATURATION 
SENSOR 


CURRENT 
Fe LIMITER 


PROTECTION 


RECOVERY 
TIME 


AUX 
ZENER 


SIGNAL 
GNO 
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ABSOLUTE MAXIMUM RATINGS 


D.C. Supply current 
Transient Supply Current (t; fall time constant = 100ms) 


D.C. Driver Collector Current 
Pulse ”’ ” (t < 3ms) 600 


Vi5 D.C. Overvoltage Zener Current 
Pulse ” "tray = 300zus, 15 mA 
treo Repetition Time = 3ms 3 


5 
VR Reverse Battery Voltage if Application Circuit of Fig. 4 is — 16 
used 
2 


Junction and Storage Temperature Range —55 to 150 Leer | 
W 
W 


1 
0.65 


mA 
V 
°C 


Power Dissipation 
Tamb = 90°C for DIP-16 


PIN CONNECTION (top view) 


COLLECTOR 
LL 
GND 16 clon 


OVERVOLT. 
SIGNAL GND 15 LIMIT 


DRIVER 
POWER SUPPLY 14 EMITTER 
OUTPUT 


N.C. 3 CURRENT 
SENSING 


HALL EFFECT 
INPUT 12 BIAS CURRENT 


RPM OUTPUT 6 N 
DWELL 
CONTROL 

AUX ZENER 7 10 


MAX 
RECOVERY TIME 86 9 CONDUCTION 
TIME 


THERMAL DATA 


Rth j-amb Thermal Resistance Junction-ambient for DIP-16 Max 90 °C/W 
Rth j-alumin (") | Thermal Resistance Junction-alumina for SO-16 Max 50 °C/W 


(*) Thermal resistance junction-aluminia with the device soldered on the middle of an aluminia supporting substrate mesuring 
15 x 20 ; 0.65mm thickness. 
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PIN FUNCTIONS (refer to fig. 4) 


| Name | Function 
| GND This pin must be connected to ground. 
SIGNAL GND This pin must be connected to ground. 


GND 
POWER SUPPLY Supply Voltage Input. An internal 7.5V (typ. value) zener limits the 
voltage at this pin. The external resistor Rs limits the current through 
the zener for high supply voltages. 
This pin must be connected to ground or left open. 

HALL-EFFECT INPUT Hall-effect Pickup Signal Input. This input is the dwell control circuit 
output in order to enable the current driving into the coil. The spark 
occurs at the high-to-low transition of the hall-effect pickup signal. 
Furthermore this input signal enables the slow recovery and 
permanent conduction protection circuits. The input signal, supplied by 
the open collector output stage of the Hall effect sensor, has a duty 
cycle typically about 70%. Vs is internally clamped to V3 and ground by 
diodes. 

RPM OUTPUT 
In this situation Rg must limit the zener current, too, and R, limits pin 6 
current if RPM module pad is accidentally connected to Vs. 
7 AUX. ZENER A 21V (typ) General Purpose Zener. Its current must be limited by an 
external resistor. 

RECOVERY TIME A capacitor connected between this pin and ground sets the slope of 
the dwell time variation as it rises from zero to the correct value. This 
occurs after the detection of Ico < 94% Inom, just before the low 
transition of the hall-effect signal pulse. 

The duration of the slow recovery is given by : 
tsrc = 12,9 R7 Core (ms) 
where R7 is the biasing resistor at pin 12 (in KQ) and Cer, is the delay 
Capacitor at pin 8 (in pF). 
MAX CONDUCTION TIME | A capacitor connected between this pin and ground determines the 
intervention delay of the permanent conduction protection. After this 
delay time the coil current is slowly reduced to zero. 
Delay Time T> is given by : 
Tp =16 Cp, Rz (ms) 
where R7 is the biasing resistor at pin 12 (in KQ) and Cp is the delay 
capacitor at pin 9 (in pF). 
DWELL CONTROL TIMER] The capacitor C+ connected between this pin and ground is charged 
when the Hall effect output is High and is discharged at the High to 


Low transition of the Hall effect signal. 
The recommended value is 100nF using a 62KQ resistor at pin 12. 


The average voltage on the capacitor Cw connected between this pin 
and ground depends on the motor speed and the voltage supply. The 
comparison between Vcw and Vcr voltage determines the timing for 

the dwell control. For the optimized operation of the device Cr = Cw ; 
the recommended value is 100nF using a 62kQ resistor at pin 12. © 


A resistor connected between this pin and ground sets the internal 
current used to drive the external capacitors of the dwell control 

(pin 10 and 11), permanent conduction protection (pin 9) and slow 
recovery time (pin 8). The recommended value is 62KQ. 


1 
2 
3 


|. 


Open collector output which is at a low level when current flows in the 
ignition coil. For high voltages protection of this output, connection to 
the pin 7 zener is recommended. 


1 


— 


DWELL CONTROL 


nN 


BIAS CURRENT 


—h, _k 
jo) 
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PIN FUNCTIONS (continued) 


DRIVER EMITTER 
OUTPUT 


OVERVOLTAGE LIMIT 


DRIVER COLLECTOR 


4/10 


~ 60 


Connection for the Coil Current Limitation. The current is measured on 
the sensing resitor Rs and divided on R;9/R11 resistors. The current 
limitation value is given by : 

Rio + Rit 
Isens 0.32 Rs . Ry 
Current Driver for the External Darlington. To ensure stability and 
precision of Tgesat Cc and Rg must be used. Recommended value 
for Rg is 2 KQ in order not to change the open loop gain of the 
system. 
R- may be added to C, to obtain greater flexibility in various 
application situations. 
C, and R, values ranges are 1 to 100nF and 5 to 80KQ depending on 
the external darlington type. 


The darlington is protected against overvoltage by means of an 
internal zener available at this pin and connected to pin 14. The 
external divider R3/Re defines the limitation value given by : 


22.5 _ 


The collector current of the internal driver which drives the external 
darlington is supplied through this pin. Then the external resistor Re 
limits the maximum current supplied to the base of the external 
darlington. 


key, SGS-THOMSO 
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ELECTRICAL CHARACTERISTICS (Vs = 14.4V, —40°C < T, < 125°C unless otherwise specified) 


Parameter Test Conditions 
Min Op. Voltage eee i: 


Supply Current V3 = 6V 
V3 = 4V 7 


Supply Voltage ir Sac eeieeet 
Supply Clamping Zener Voltage 

High Status 
Input Current 


Vi6-14 Darlington Driver Sat. Current 14 = 50mMA 
14 = 180MA 


Current Limit. Sensing Voltage | Vs=6to 16V 260 320 370 


lic Cw Charge Current Vs = 5.3 to 16V ~110]) -93 ) -78 
Vii = 0.5V 
T = 10 to 33ms 


<= 
wo 


i 


18 25 
16 


8 


mA 
mA 


oh ol 


<= 
i) 


2° co 
oOo ol Ne) 


S 


7.9 


4k |r 
S jn 


I4D CW Charge Current Vs = 5.3 to 16V 0.5 0.7 1.0 LA 
Vi1 = 0.5V 
T = 10 to 33ms 
aac / |a1D VS =5.3 to 16V 7.8 22.0 
Vi1 = 0.5V 
T = 10 to 33ms 
see note 1 
Isrc Percentage of Output Current 94 98.5 % 
ISENSE Determining the Slow Recovery 
Control Start (fig. 2), note 2 
Tsrc Duration of Altered tg/T Ratio after} Csrc = 1nF 
SRC Function Start (fig. 2) R7 =62KQ 
Vz15 External Darlington over Voltage | lis = 5mA 19 22.5 26 V 
Protection Zener Voltage lis = 2mA 18 21.5 25 V 
Tp Permanent Conduction Time Vs = High 0.4 1.1 1.8 S 
Cp = 1pF 
R7 = 62KO 
VesatT RPM Output Saturation Voltage | Is = 18.5mA 0.5 V 
Ig =25mA 0.9 V 
RPM Output Leakage Current__| Ve = 20V es aT Ee ae 
Auxiliary Zener Voltage ly = 200mA ee ae ee ee 
Reference Voltage Sees Ee ae ee ee 
Notes: 1. td/t desaturation ratio is given by: 
Cr! ee 
T 7 14 yc Z lyap 
2. Isense = Icon when the external Darlington ts tn the active region 
Lj SGS-THOMSON =a 
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APPLICATION INFORMATION 


Figure 1 : Main Waveforms. 
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DWELL ANGLE CONTROL 


The dwell angle control circuit calculates the con- 
duction time D for the output transistor in relation to 
the speed of rotation, to the supply voltage and to 
the characteristics of the coil. 


On the negative edge of the Hall-effect input signal 
the capacitor Cw begins discharging with a constant 
currentl11p. When the set peak value of the coil cur- 
rent is reached, this capacitor charges with a con- 
stant current I11c = 13.3 x l11p, and the coil current 
is kept constant by desaturathing the driven stage 
and the external darlington. 


The capacitor Cr starts charging on the positive 
edge of the Hall-effect input signal with a constant 
current l1oc. The dwell angle, and consequently the 
starting point of the coil current conduction, is de- 
cided by the comparison between Vio and V 141. 


A positive hysteresis is added to the dwell compara- 
tor to avoid spurious effects and Cr is rapidly dis- 
charged on the negative edge of Hall-effects input 
signal. 


In this way the average voltage on Cw increases if 

the motor speed decreases and viceversa in order 

to maintain constant the ratio ta at any motor speed. 
T 


ta is kept constant (and not D = cost) to contro! the 
T Ki 

power dissipation and to have sufficient time to 
avoid low energy sparks during acceleration. 


DESATURATION TIMES IN STATIC 
CONDITIONS 


In static conditions, if Ct = Cw as recommended and 
if the values of the application circuit of fig. 4 are 
used, 

tg 1 


T 1+ hhie/lD 


DESATURATION TIMES IN LOW AND HIGH 
FREQUENCY OPERATION 


Due to the upper limit of the voltage range of pin 11, 
if the components of fig. 4 are used, below 10Hz 
(300 RPM for a 4 cylinder engine) the OFF time 
reaches its maximum value (about 50ms) and then 
the circuit gradually loses control of the dwell angle 
because D = T —50ms. 


Over 200Hz (6000 RPM for a 4 cylinder engine) the 
available time for the conduction is less than 3.5ms. 


If the used coil is 6mH, 6A, the OFF time is reduced 
to zero and the circuit loses the dwell angle control. 
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TRANSIENT RESPONSE 


The ignition system must deliver constant energy 
even during the condition of acceleration and de- 
celeration of the motor below 80Hz/s. These condi- 
tions can be simulated by means of, a signal 
gene-rator with a linearly modulated frequency be- 
tween 1Hz and 200Hz (this corresponds to a 
change bet-ween 30 and 6000 RPM for a 4 cylin- 
ders engine). 


CURRENT LIMIT 


The current in the coil is monitored by measuring 
the Isense Current flowing in the sensing resistor Rs 
on the emitter of the external darlington. Isense is 
given by : 


Isense = lcoil + 114 


When the voltage drop across Rs reaches the inter- 
nal comparator threshold value the feedback loop is 
activated and Isense kept constant (fig. 1) forcing the 
external darlington in the active region. In this con- 
dition : 
Isense = Icoil 

When aprecise peak coil currentis required Rs must 
be trimmed or an auxiliary resistor divider (R10, R11) 
added : 


0.320 R10 
Icpeak (A)= s- Se + ) 


RS “\R11 
SLOW RECOVERY CONTROL (fig. 2) 


If sense has not reached 94% of the nominal value 
just before the negative edge of the Hall-effect input 
signal, the capacitor Csrc and Cw are quickly dis- 
charged. 


These capacitors remain discharged as long as the 
pick-up signal is "low". At the next positive transition 
of the input signal the load current starts immediate- 
ly, producing the maximum achievable Tdesat ; then 
the voltage on Csrc increases linearly until the 
standby value is reached. During this recovery time 
the Csrc voltage is converted into a current which, 
subtrated from the charging current of the dwell ca- 
pacitor, produces a Taesat modulation. This means 
that the Tdesat decreases slowly until its value 
reaches, after a time Tsrc, the nominal 7% value. 


The time Tsrc is given by : 

Trse = 12,9 R7 Csrc (ms) 
where R7 is the biasing resistor at pin 12 (in KQ) and 
Csrc the capacitor at pin 8 (in LF). 
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Figure 2 : SRC : Icoi Failure and Time Dependence of Active Region. 
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Hy : Input signal Vem : Voltage on capacitor Csrc 
Ic : Coil current Dst : Percentage of imposed desaturation time. 


Figure 3 : Permanent Conduction Protection. 
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PERMANENT CONDUCTION PROTECTION 

(fig. 3) 

The permanent conduction protection circuit moni- 
tors the input period, charging Cp with a constant 
current when the sensor signal is high and discharg- 
ing it when the sensor signal is low. If the input re- 
mains high for a time longer than Tp the voltage 
across Cp reaches an internally fixed value forcing 
the slow decrease of coil current to zero. A slow de- 


OTHER APPLICATION NOTES 
DUMP PROTECTION 


Load dump protection must be implemented by an 
external zener if this function is necessary. In fig. 4 
DZ2 protects the driver stage, the connection be- 
tween pin 6 and 7 protects the output transistor of 
pin 6. Moreover DZ: protects both the power supply 
input (pin 3) and Hall-effect sensor. 


Resistor Ra is necessary to limit DZ1 current during 
load dump. 


OVERVOLTAGE LIMITATION 


The external darlington collector voltage is sensed 
by the voltage divider Ra, R3. The voltage limitation 
increases rising Re or decreasing Rs. 


Due to the active circuit used, an Ro Co series net- 


work is mandatory for stability during the high vol- 
tage condition. 
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crease is necessary to avoid undesired sparks. 
When the input signal goes low again Cp is swiftly 
discharged and the current control loop operates 
normally. 


The delay time Tp is given by : 

Tp (sec) = 18 Cp R7 
Where R77 is the biasing resistor on pin 12 (in KQ) 
and Cp the delay capacitor at pin 9 (in uF). 


Ro Co values depend on the darlington used in the 
application. 


Moreover the resistor R13 is suggested to limit the 
overvoltage even when supply voltage is discon- 
nected during the high voltage condition. 


REVERSE BATTERY PROTECTION 


Due to the presence of external impedance at pin 6, 
3, 16, 15, L497 is protected against reverse battery 
voltage. 


NEGATIVE SPIKE PROTECTION 


If correct operation is requested also during short 
negative spikes, the diode Ds and capacitor Cs must 
be used. 
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Figure 4 : Application Circuit. 
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ELECTRONIC IGNITION INTERFACE 


a DIRECT DRIVING OF THE EXTERNAL 
POWER DARLINGTON 

=m SEPARATE INTERFACE FOR HALL EFFECT 
OR INDUCTIVE SENSOR 

a» SEPARATE OPEN COLLECTOR BOOSTER 

a COIL CURRENT PEAK VALUE LIMITER 

a SIGNAL TO uP WHEN 85% AND FULL NOMI- 
NAL COIL CURRENT ARE REACHED 

a CONTINUOUS COIL CURRENT PROTECTION 

a EXTERNAL DARLINGTON OVERVOLTAGE 
PROTECTION 


DESCRIPTION 


The L530 is an integrated circuit designed for use 
with an NPN darlington in microprocessor controller 
ignition systems. 


Primarily it acts as an independent controller for the 
current in the high voltage spark coil. 


Charging of the coil is enabled under control of the 
micro. The device generates a feedback signal for 
the micro when a fixed percentage and the full nomi- 
nal current into the coil are reached. 


BLOCK DIAGRAM 


2 INTERNAL 
REFERENCE 
C) 


May 1989 


DIP 16 SO-16 


ORDER CODES : L530 
L530 D1 


If the enable coil current input signal is active for 
more than a programmable time, the coil current is 
switched off slowly to protect the coil and avoid spu- 
rious. pulses. 


The L530 also contains a pulse shaper for the posi- 
tion sensor (both hall effect or magnetic) and an 
open collector booster which may be used, for 
example, for the RPM output. 


OVERVOLTAGE 0) 
me 
O 


PERMANENT 
CONDUCTION 


CURRENT J 
PROTECTION x‘ CONTROL j 
V5 ”; 


$-7562/1 


COIL CURRENT OARLINGTON 
ORIVER Re | 
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ABSOLUTE MAXIMUM RATINGS 


ans Poni 


Junction and Storage Temperature — 55 to 150 


DRIVER 
GROUND ene 


LOGICAL SUPPLY 15] OVERVOLTAGE 
VOLTAGE LIMIT 


SEPARATE DRIVING EMITTER 
BOOSTER INPUT OUTPUT 


CURRENT 
IGNITION INPUT SENSING 


Vy FEEDBACK 
eureuT aie | CURRENT 


OUTPUT 


PICKUP INPUT REFERENCE 
INTERFACE VOLTAGE 


PICKUP INPUT l PICKUP INPUT 
INTERFACE INTERFACE 


PERMANENT 
CONDUCTION HPICKUP OUTPUT 


TIMER 
$-7583/2 


THERMAL DATA 


Rth j-alumina (*)} Thermal Resistance Junction-alumina for SO 16 Max 50 °C/W 
Rth j-amb Thermal Resistance Junction-ambient for DIP 16 Max 80 °C/W 
) 


(* 


Thermal resistance junction-pins with the middle of an alumina supporting substrate measuring 15x20mm ; 0.65mm thickness and infinite 
heathsink. 
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ELECTRICAL CHARACTERISTICS (V3 = 14.4V, — 40°C < T, < 125°C unless otherwise specified ; 
referred to the application circuit of fig. 2) 


| Symbol | Parameter __—|_—sTest Conditons 


| Min. | | Max. | Unit_| 
a eerie [Tey 
(pin 2 
reer free oe 
(pin 2) 
| Vz(*) __| Internal Zener Voltage (pin2) |Is=80mA_— || CT 7 | UO | UV 
[ls | Input Current(pin3) | Vs = ov Ct—“(‘“C;‘C;C;*LSOOCOC*d:C(UOONsCdL;s«Ci23]]—s|_ NC 
Vis___| InputLow Voltage (pin3) =| tC“ :sC~*~“‘iLSCéNN(§$SN$N§$NNN:U UN. 0H# | 
Vu3___| Input High Voltage (pin3) || tC C—“‘“(C;SL: O2O:* CLC] CCT CV 
Via Input Low Voltage (pin 4) ae ces eee i) oe 
Viva Input High Voltage (pin 4) =| ss tC tti“‘(C*rL:« CO CTCL CCT CU 
VSENS Current Limit. Sensing Voltage ae 260 | 310 
pin 13 


VcEsat Series Darlington Driver Sat. lo = 50mA 0.5 
Voltage (pin 16-14). lo = 180mA 1.0 


< 


Percentage of Coil Current 75 

Determining the Feedback ON 

(pin 12). 

Vovp Overvoltage Protect. Zener love =7MA 21 
vole ian 5 

Tec Permanent Conduction aa CF 
Protection Time (** 

|r kite be 
(pin 12) lpin 12 =5mA 

| V aes 


Bask Mel 


Inte Leakage Current (pin 12 


Din 5 
a Fi =e 
(pin 5) Inpm =20mMA 
Voltage (pins 6, 7, 10 
= eee ee 
Current 
BE | =k RI I dB 
Current 


| CMR | CommonMode Ranges | —CsCsCidz ee er ee 
Pulse Former Output Low Vpin6 — Vpin7 > 10mV fo eee 
Voltage (pin 9 Vpin 6 = Vpin 10 
Pulse Former Output Leakage | Vpin7 — Vpine > 10mV ai 
Current Vpin6 = Vpin 10 
Von 9 = 5V 


| tg | Output Current(pin7) | sd 650 | — 380_| - 180 | pA 
| ns | Leakage Current(pin5) | Vs=tev_ | A 


(*) This parameter measurement must be considered if the IC is not directly supplied by 5V voltage regulator. In this case a suiited external re- 
sistor must be used to limit pin 2 current. 
(**) See Fig.4. 
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PIN FUNCTIONS (refer to fig. 2) 


a 
[2 | SUPPLY VOLTAGE | SV Supplyinput. SSS 
INPUT SIGNAL used, for example, for the RPM output signal of the micro. 
IGNITION INPUT SIGNAL | When this pin is kept low the external darlington is switched on and 


the current flows through the coil for all the time the input is low, 
being active the internal current limitation. 


BOOSTER DRIVER Open collector output signal of the separate booster circuit. The 
OUTPUT phase is the same as the input command at pin 3. 


PICKUP INPUT Together with pin 10, these inputs realize a separate interface stage 
INTERFACE 


for both hall effect or magnetic sensor. Pin 6 is the non-inverting 
input of the internal comparator which sets, the internal flip-flop. Pin 
7 is connected both to the inverting input of the comparator setting 
the latch and the non-inverting input of the second internal 
comparator which resets the flip-flop. See fig. 4. 


PERMANENT 
CONDUCT. TIMER 


A capacitor C; connected between this pin and ground sets the 
delay of the permanent conduction protection in the coil current. The 
typical delay time value Tpc is given by : 

Tec =17 Cy Rio 

Where Rio is the biasing resistor at pin 11 (in kQ) and C; is the 
delay capacitor at pin 8 (in pF). 


PICKUP OUTPUT Open collector output from the internal flip-flop of the interface circuit 
for the sensor. This memory is set by the comparator connected to 
pin 6 and 7 and it is reset by the second comparator connected to 


pin 7 and 10. The output is a negative logic. See fig. 4. 


Inverting input of the second comparator which resets the internal 
flip-flop of the sensor interface circuit. See pin 6 and 7 Description. 


PICKUP INPUT 
INTERFACE 


REFERENCE VOLTAGE 


11 A resistor Rio connected between this pin and ground sets the 
current used for the internal references and to drive the external 
Capacitor of the permanent conduction protection. The 


recommended value is 62kQ. 


Open collector output that indicates to micro when the 85% (typ) 
and the full current flows through the coil. As shown in the fig. 3, this 
signal goes high when the fixed percentage is reached and goes low 
when the full programmed coil current is detected. 


Connection for coil current limitation. The current is measured on the 
sense resistor Rsense and divided on R;/Re. The current limitation 
value is given by : 


ISENS = 0.26 1 + Re 
sens Re 


FEEDBACK CURRENT 
OUTPUT 


CURRENT SENSING 


DRIVER EMITTER 
OUTPUT 


Current driver for the external darlington. To ensure stability and 
precision Of Tgesat Ca and R3 must be used. Recommended value 
for R3 is 2kQ in order not to change the open loop gain of the 
system. 

Ra may be added to Cg to obtain greater flexibility in various 
application situations. 

C, and Ra values ranges are 1 to 100nf and 5 to 30kQ depending 
on the external darlington type. 


1 
2 
3 
4 
6-7 
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PIN FUNCTIONS (refer to fig. 2) (continued) 


The darlington is protected against overvoltage by means of an 
internal zener available at this pin and connected to pin 14. The 
external divider R4/Rs defines the limitation value given as first 
approximation by : 


22.5 
Vovp = ( 


DIRVER COLLECTOR 
INPUT 


+ 7910.3) Rq + 22.5 


The collector current of the internal driver which drives the external 
darlington is supplied through this pin. The maximum current 


supplied through this pin. Then the external resistor Rg limits the 


maximum current supplied to the base of the external darlington. 


CIRCUIT OPERATION 


As shown in the fig.1, the L530 is particularly suit- 
able for use with a microprocessor as an electronic 
ignition interface, driving the current through the coil 
by means of an extemal darlington. 


The device takes the ignition input signal (pin 4) from 
the microprocessor to drive the darlington, and the 
output active for all the time in which the inputis low. 


The ignition input signal (active Low) coming from 
the microprocessor switches on the device output 
stage driving the external darlington. 


The peak value of the primary current flowing into 
the coil is limited to a predetermined level by means 
of a negative feedback circuit including a current 
sensing resistor, a comparator, the driver stage and 
the power switch. 


An output signal, High when the current flowing into 
Figure 1 : Typical System Configuration. 


SIGNAL 


SENSOR CONDITIONING 


AIR PRESSURE FEEBACK 
CURRENT 
oI OUTPUT 


AIR TEMP 


FUEL-GEAR POS 


WATER TEMP j 


VACUUM SENSOR 


OISTRIBUTOR 
SENSOR 


FILTERING 


IGNITION 
INPUT SIGNAL i 


the coil has reached 85% of the final value and Low 
when the full nominal current has been reached is 
available at pin 12. This signal is used by the micro- 
processor to control the dwell time. As shown in the 
fig. 3 three cases are possible. 


In the first case the current limitation is reached ; 
then, when the input command goes high (spark 
command) the feedback to microprocessor has al- 
ready gone low. 


In the second case the full current is not reached 
(very high speed/acceleration or very low battery 
voltage). Then the output signal goes low together 
with the spark command. 


In the last case a feedback pulse is not present ; this 
means that the 85% of the programmed current is 
not reached. 


BATTERY 
TO OISTRIBUTOR 


= 
ie OUTPUT ORIVER i, 
Ki 


CONTROL 


CIRCUIT CURRENT SENSING 


PULSE SENSOR SIGNAL 
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Figure 2 : Application Circuit. 
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O 
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(%) THE VALUE OF THESE COMPONENTS DEPENDS 


—O *Yaatt 


$-758541 


ON THE EMPLOYED DARLINGTON - THE LIMITS ARE. Ra= SK to30KN 
Cy 1 tol00nF 


Figure 3 : Typical Operation Waveforms. 


FULL CURRENT 


FEEDBACK 
OUTPUT 
PIN 12 


CURRENT LIMIT 


The current in the coil is monitored by measuring 
the Isense current flowing in the sensing resistor 
Rsense on the emitter of the external darlington. Isense 
is given by : 
Isense = Icon +114 

When the voltage drop across Rsense reaches the 
internal comparator threshold value the feedback 
loop is activated and Isense kept constant (fig. 3) forc- 


ing the external darlington in the active region. In 
this condition : 

Isense = Icoil 
When a precise peak coil current is required Rsense 


must be trimmed or an auxiliary resistor divider (Rj, 


Ro)added : 
hee (A) = Vsense Ri 


Rsense Re 


+1) 
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PERMANENT CONDUCTION PROTECTION 
(fig.4) 

The permanent conduction protection circuit moni- 
tors the input period, charging C1 with a constant 
current when the sensor signal is Low and discharg- 
ing it when the sensor signal is High. If the input re- 
mains Low for a time longer than Tec the voltage 
across C1 reaches an internally fixed value forcing 
the slow decrease of coil current to zero. A low de- 
crease is necessary to avoid undesired sparks. 
When the input signal goes High again C; is swiftly 
discharged and the current control loop operates 
normally. 


The typical delay time value Tpc is given by : 
Tpc (ms) = 17 Ci Rio 


Where Rio is the biasing resistor on pin 11 (in 
K ohm) and C; the delay capacitor at pin 8 (in uF). 


Figure4 : Permanent Conduction Protection Tim 
ing. 


OTHER APPLICATION NOTES 


DUMP PROTECTION 


Load dump protection must be implemented by an 
external zener if this function is necessary. In fig. 2 
DZ2 protects the driver stage. 


OVERVOLTAGE LIMITATION 


The external darlington collector voltage is sensed 
by the voltage divider Raq, Rs. The voltage limitation 
increases rising Ra or decreasing Rs. 


Due to the active circuit used, an Ro Co series net- 
work is mandatory for stability during the high volt- 
age condition. 


L530 


Ro Co values depend on the darlington used in the 
application. 


Moreover the resistor Ri3 is suggested to limit the 
overvoltage even when supply voltage is discon- 
nected during the high voltage condition. 


REVERSE BATTERY PROTECTION 


Due to the presence of external impedance at pin 5, 
16, 15L530 is protected against reverse battery volt- 
age. 


NEGATIVE SPIKE PROTECTION 


If correct operation is requested also during short 
negative spikes, the diode D1 and capacitor C2 must 
be used. 


SENSOR INTERFACE 


The device contains a separate pulse shaper for the 
sensor. As shown in fig. 5, this circuit is made by two 
comparators and flip-flop. 


The internal flip-flop is set by the first comparator 
and reset by the second one. In this way it is possi- 
ble to interface both the Hall effect and the magne- 
tic pick-up sensor. Fig. 6 shows a typical solution 
that implements an input comparator with hystere- 
sis able to detect the zero crossing during the input’s 
negative edge (fig. 7). Asmall positive theshold gua- 
rantees the correct switch-on at low RPM. 


Three pins allow the use of this interface in a wide 
range of configurations and, thanks to internal mem- 
ory, it is possible to obtain a behaviour with hys- 
teresis in order to have a good noise immunity. 


Figure 5 : Interface for Hall Effect or Inductive Sen 
sor. 
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BOOSTER OUTPUT 

An independent booster output is also included in 
the L530 to permit a separate driving stage from the 
microprocessor (typically employed for RPM output 
signal). 


Figure 6 : Input Comparator with Hysteresis. 


NBSLS38-E1 


The open collector output is protected with an inter- 
nal zener diode that allows the connection a unsta- 
bilized voltage by means of a limiting resistor. 


Figure 7 : Zero Crossing Detection. 
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MULTIFUNCTION INJECTION INTERFACE 


» DRIVES ONE OR TWO EXTERNAL DAR- 
LINGTONS 

» DUAL AND SINGLE LEVEL CURRENT CON- 
TROL 

a SWITCHMODE CURRENT REGULATION 


» ADJUSTABLE HIGH LEVEL CURRENT DUR- 
ATION 


WIDE SUPPLY RANGE (4.75 - 46V) 
TTL-COMPATIBLE LOGIC INPUTS 
THERMAL PROTECTION 

DUMP PROTECTION 


DESCRIPTION 


The L584 is designed to drive injector solenoids 
in electronic fuel injection systems and generally 
inductive loads for automotive applications. The 
device is controlled by two logic inputs and fea- 
tures switchmode regulation of the load current 
driving an external darlington and an auxiliary one 
for the current recirculation. A key feature of the 
L584 is flexibility. It can be used with a variety of 
darlingtons to match the requirements of the load 
and it allows both simple and two level current 


BLOCK DIAGRAM 


SHUT-DOWN 


VOLTAGE DUMP 
PROTECTION 


REGULATOR 


TIME 


CONSTANT COMPARATOR 
GENERATOR x 


Rret R21 RI 
ae a i ae OVewt 


October 1991 


DIP16 (12+2+2) 
ORDERING NUMBER: L584 


control. Moreover, the drive waveshape can be 
adjusted by external components. Other features 
of the device include dump protection, thermal 
shutdown, a supply vol-tage range of 4.75 - 46V 
and TTL-compatible inputs. The L584 is supplied 
in a 16 lead Powerdip package which uses the 
four center pins to conduct heat to the PC board 
copper. 
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L584 
PIN CONNECTION 


OUMP ; 1 INTERNAL 
PROTECTION CLAMPING 


Bipot NPN 
CURRENT 
CONTROL OUTPUT 


NSIN SUPPLY 
SENSING VOLTAGE 


GNO GND 


GND GND 
PEAK 

CURRENT INH‘ BIT 
TIMER 

TIME 
CONSTANT Nee 
PNP 

OUTPUT 3 fee race 


+ 60V MAX 


ABSOLUTE MAXIMUM RATINGS 
nt 
Vs DC Supply Voltage (pin 1 open) — 0.2V min ; + 50V MAX 
Positive Transient Voltage 
(pin 1 connected to Vs, ty fall time constant = 100ms) 
(5ms < tnse S$ 10Ms, Resource 2 0.9) 
Input Voltage (pins 10, 11) — 0.2V min ; + 7V MAX 
External Reference Voltage (pin 2) — 0.2V min ; + 7V MAX 
Sense Voltage (pin 3) — 0.2V min ; + 7V MAX 
Reference Current (pin 9) 5mA MAX 
Storage and Junction Temperature Range — 55 to 150°C 
THERMAL DATA 
Rth j-pins}| Thermal Resistance Junction-pins 15 °C/W 
Rth j-amb | Thermal Resistance Junction-ambient 80 °C/W" 


* Obtained with the GND pins soldered to printed circuit with minimized copper area. 
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Dump Protection 


With pin 1 connected to pin 14 the device is protected against dump 
voltage < 60V. The protection operates at V, = 32V (typ.). If this protection 
is not used the pin must be left open. 


2 Holding Current Control The voltage Vse; applied to this pin sets the holding current level. 


Sensing Connection for load current sense resistor. Value sets the peak and 
holding current levels. |, = 0.45/Rs (typ.) ; Ih = Vset/Rs. 
(see block diagram and fig. 4). 


£4) Ground Connection. With pins 5, 12 and 13 conducts heat to pc board 
(Caan eee Ear 


|Ground See PSeepn4, 4, 
Peak Current Timer 


A capacitor connected between this pin and ground sets the duration of 
the high level current (ta in fig. 4). 
lf left open, the switchmode contro! of the peak is suppressed. If grounded, 
the current does not fall to the holding level. 


Discharge Time Constant |} A capacitor connected between this pin and ground sets the duration of 
tort (fig. 4). If grounded, the current switchmode control is suppressed. 
=e a PNP Driving Output Current sink for external PNP darlington (for recirculation). lgp = 35 I, (typ 


et Reference Voltage A resistor connected between this pin and ground sets the internal current 


reference, I,. The recommended value is 1.2kQ, giving Ir = 1mA (typ.). 


10 Input TTL-compatible Input. A high level on this pin activates the output, driving 
the load. 
Inhibit TTL-compatible Inhibit Input. A high level on this input disables the output 


stages and logic circuitry, irrespective of the state of pin 10. 


Ground | 
Current Source for External NPN Darlington (load driver). Ig, = 100 I, (typ. 
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ELECTRICAL CHARACTERISTICS (Vs (pin 14) = 14.4 V ;- 40 < Tj s 105 °C ; Rref = 1.20 kQ unless 


otherwise noted ; refer to fig. 1) 
| Symbol _ Parameter Test Condition | Min. | Typ. | 
Operating Supply Voltage 
Dump Protection Threshold 
18 


Dump Protection Input Pin 1 to GND 
Resistance 


Quiescent Current Pin 14 be al 


re 

a 

ee 

Input Threshold Voltages Pin 10 & 14 Low earl 
2.0 

ed 


V 


) 


V 

V 

: 

mA 
Role 

V 

Input Current Pin 10 & 11 Low | —100 yA 
High uA 


Reference Voltage Pin 9 


pe | Reference Resistor Range Pin 9 to GND 
lr = V,/Rr 


— 250 


Eat 


= 
= 


Peak Duration Control Current Pin 6 I-/ 9.50 I,/ 6.00 A 
Voing < 1.8V 

Peak Duration Control 1.20 1.60 V 

Comparator Threshold 

Pin 6 Saturation Voltage Pin 6 4 ee 

discharge state 

Off Duration Control Current Pin 7 (Ir min)/ 9.50 | (Ir max)/6.00 A 

Voin7 < 1.8V 


Veth 


Vs 
d 
V 
V 
I7 
Ig 
c 
dn 


no 
ro) 
ro) 
S 

< 


Comparator Threshold 
V7SAT Pin 7 Saturation Voltage Pin 7 
(discharge state 


Peak Current Threshold Voltage 400 


Vset Holding Current Set Voltage Pin 2 2 
Range 
Vset Holding Current Threshold Pin 3, Peak Value, Vset — 
Voltage dV/dt < 1V/s 0.01 
Pes ele Pin 3 Bias Current Vpin3 = 600MV = ee 
Recirculation Zener Clamping Pin 16 to Pin 15 @ 135 
Voltage 200uA into Pin 16 
NPN Driver Source Current 70xh | 140xk A 
| Ig | PNP Driver Sink Current Vpn 2 4.75V 25 xk 60 x |, 


200 mV 


| 
r 
I 
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APPLICATION INFORMATION 


Controlled by a logic input and an inhibit input (both 
TTL compatible), the device drives the external dar- 
lington(s) to produce a load current waveform as 
shown in figure 4. This basic waveform shows that 
the device produces an initial high level current in 
order to ensure a fast opening, followed by a hold- 
ing level current as long as the input is active. Both 
the peak and holding current are regulated by the 
L584’s switchmode circuitry. 


L584 


The duration of the high level current and the values 
of the peak and the holding currents can be adjusted 
by external components. 


Moreover, by omitting C1, C2 or both it is possible 
to realize single-level current control, a transitory 
peak followed by a regulated holding current or a 
simple peak (figure 1). 


The peak and holding current values are always 


Figure 1 : Components Connected to Pins 6 and 7 Determine the Load Current Waveshape. 
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LOAD CURRENT WAVEFORM 
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referred, in the following formula, to le, emitter cur- 
rent of the external darlington Q2, 
le = ILoaD + lan 


because the sensing detection is on the darlington 
emitter (not directly on the load). 


The peak current level Ip, is set by the sensing re- 
sistor, Rs, and is found from : 


lp = 0.45 / Rg (typ) 


The peak value of holding current level, Ih, is set by 
a voltage (Vset) applied to pin 2, giving : 


Inp = Vsetth / Rs = (Vset + 10mV)/Rs 


The peak to hold current ratio is fixed by Vset : 
lp / Inp = 0.45 / Vsetth 


Vset is fixed by an external reference and a voltage 
divider (Vext, R1, R2 in fig 2) : 
Vset = Vext . R2 / (R1 + R2) 


Due to the particular darlington storage time and the 
device reaction time not very significant differences 
can be found between Ip and Ih values based on the 
previous formula and the real values seen in the ap- 
plications. 


If the holding current function is not used, pin 2 can- 
not be left floating and it must be connected to GND. 


Figure 2 : Application Circuit Showing the Optional Components. In particular it illustrates how the holding 
current level is adjusted independently of the peak current (with R1, R2, Vext) and how the inter- 
nal zener clamp is connected. This circuit produces the waveforms shown in Fig. 4. 
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The drive current for the two darlingtons and the 
waveform time constants are all defined in turn by a 
resistor between pin 9 and ground. 


The recommended value for |; is 1mA which is ob- 
tained with a 1.2KQ resistor. The darlington drive 
currents are given by : - 

PNP : ldp = 35 Ir typ. NPN: lan = 100 I; typ. 


The duration of the high current level (te in fig 4) is 
set by a capacitor connected between pin 6 and 


L3G4 


ground. This capacitor, C1 is related to the duration, 
to, by: 

Veth — Veésat Cy 

tp =C, ————  =12 (typ.) 
le lref 

The discharge time constant (tots in fig 4) is set by a 
capacitor C2 between pin 7 and ground and is found 
from: 


Vi7th - V C 
eC ee = | eed 
I7 lref 


Figure 4 : Waveforms of the Typical Application Circuit of Fig. 2. 
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Figure 5 : When pin 6 is grounded, as shown here, the injector current is regulated at a single level. 
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Figure 6 : In this application circuit, pin 6 is left open to give a single peak followed by a regulated holding 
current. 
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Figure 7 : Switchmode control of the current can be suppressed entirely by leaving pin 6 open and 
grounding pin 7. the peak current is still controlled. 
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Figure 8 : Applications circuit using only one darlington with a single level of the injector current. 
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To have a very short off time when the L584 input 
goes LOW, an internal zener is available on pin 16. 
This zener is used with an external divider, R8, R9, 
as shown in figure 2. Suitable values can be found 
from : 


Vpin 16 = 15V + VBeqe2 + VRsense 

R9 + R8 
Voin 16 ° RSE 
(Vcaqz2 is the voltage at the collector of Q2. Vcqe max 
is 47V if the pin 8 is used for slow recirculation as in 
fig. 2). 


To ensure stability, a small capacitor (about 200pF) 
must be connected between the base and collector 
of Q2 when pin 16 is used. 

A different opportunity for a fast off time is based on 
the use of the external zener diode Dz. In this case 
also the maximum Dz voltage value is 47V. 


Voge = 


LOAD DUMP PROTECTION 


To protect the device against the positive load dump 
it is necessary to connect pin 1 to Vs. In this case, 
if Vs is higher than 32V, the device turns off Q2 and 
turns on Q;. The external resistor Re must be used 
(see application circuit) to avoid that pin 8 voltage 
exceeds 50V during load dump. Re must be : 


R Vpump — Vg 
6 > a eee 
dp 


where Vpume is the dump voltage value and Vz : 
4.75V <Vsg<47V. 


For this Re value, the minimum supply voltage Vsmin 
guaranteeing Q1 operation is given by : 


Ip VBEQ1 
Vsmin = R6 (= (+ 2) Rs ) + Vesat 


In relation to Vsmin it is no more verified ldp = 35 lret 
(typ) even if the system correct operation is comple- 
tely guaranteed. 


The L584 application circuit suggested in these 
notes allows the use of inductive loads with the lo- 
west possible series resistance (compatible with 
constructional requirements) and therefore reduces 
notably the power dissipation. 


For example, an electronic injector driven from 
14.4V which draws 2.4A has a series resistance of 
6Q and dissipates 34.56W. Using this circuit a injec- 
tor with a 1Q series resistance can be used and the 
power dissipation is : 


Pg = Ril? + Vol (1 — 6) + Vsat- ILo+ Rs lL? o 
where RL = resistance of injector = 10 
Vp =drop across diode, Vp =1V 
Vsat = Saturation voltage of Q2,=1V 
Rs =R11 = 185mQ 
o =duty cycle = 20% 
therefore : 
Pd =5.76 + 1.92 + 0.48 + 0.21 = 8.37W 


This given two advantages : the size (and cost) of 
the injector is reduced and the drive current is redu- 
ced from 2.4A to about 0.4A. 


The application circuit of figure 9 is very similar to fi- 
gure 2 except that it shows the use of two supplies : 
one for the control circuit, one for the power stage. 
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In this application it is assumed that the 5V supply 
for L584 is taken from a logic supply, which is alrea- 
dy protected, against load dump transients and vol- 
tage reversal. 


Pin 1 must be left open, as shown in fig. 9, if Vs is 
always lower than 46V even during the voltage tran- 
sients. 


Note that tot is also related to the required current 
ripple Al on the peak or on the holding current level 
by : 


[ (lo — Al) Rt + Voot 
Use == | 
R lo Ru + Vott 


Where : lo is the initial current value in OFF condition 
(equal to Ip or IH in accordance to the current level 
considered), 


VorF = VpIODE + VcEat 


Ri is the series resistance value of the inductan- 
ceL: 


Therefore C2 can be dimensioned directly by : 


L584 


| “|! 


S-6838/2 


IReFL = =oIn (lo — Al) Rt + Vorr 
a 49 Ri lo Ru + Vorr 


Note that to# is the same for both the peak and hol- 
ding current. 


ton time is given by : 
L Von — R(I1 — Al) 
Ba Veni 


where :11 is the final current value in ON condition 
(equal to Ip or IH in accordance to the current level 
considered), 


R = Ri + Rsense 
Von = Vs — VcesatQ2 
If the constant times are respectively 


L 
RB and R> 20 ton 


itis possible to consider a purely inductive load and 
therefore : 


> 20 toff 


Al Al 
toff = L Vo ston =L 
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CAR ALTERNATOR REGULATOR 


ALTERNATOR VOLTAGE CONTROL 

s COMPLETE FAULT DIAGNOSTICS 

a» DRIVES 3 W LAMP DIRECTLY 

a» LAMP SHORT CIRCUIT PROTECTION 

e SENSING INTERRUPT PROTECTION 

a» 100 V DUMP PROTECTION 

a 300 V LOW ENERGY SPIKE PROTECTION 
» THERMAL PROTECTION 


DESCRIPTION 


The L585 is an integrated circuit designed for use 
with an NPN darlington as a voltage regulator in a 
threephase alternator charging system. It includes 
fault diagnostic circuitry which drives a 3 W warning 
lamp in fault conditions such as open or short circuit 
connections. Protection against load dump tran- 
sients, short circuits and low energy spikes is incor- 
porated. 


BLOCK DIAGRAM 


2 
3 
468 TRIANGULAR 
WAVE 
OSCILLATOR 


OVERVOLTAGE, 
4 SENSING INTERR., 
SENSING GND 


BATTERY & 
¢ ALTER. VOLT 
SENSING 


O @ 
5 16 


November 1991 


ae 


SO16 


ORDERING NUMBERS : L585 (DIP16) 
L585D1 (SO16) 


11 
CURRENT LIMITING 
THERMAL PROTECT. 
OVERVOLT. PROTECT 
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PIN CONNECTION 


ALTERNATOR VOLT. SENSING BATTERY VOLT. SENSING 
FILTER CAPACITOR PHASE VOLTAGE SENSING 


FILTER CAPACITOR N.C. 


ALTERNATOR OUVERVOLTAGE 
ADJUSTMENT LAMP DRIVER 


GND GND 
DARLINGTON DRIVER OSC. CAPACITOR 
N.C.(%) SUPPLY VOLTAGE 
N.C.(k) N.C. CX) 


N89L585-81A 
(*) MUST BE LEFT FLOATING 


ABSOLUTE MAXIMUM RATINGS 


Operating Supply Voltage (through Rs) 
| Vo | Dumpvorage tO 
Power Dissipation at Tamp = 80 °C 


THERMAL DATA 


Rth j-amb Thermal Resistance Junction-ambient (*) for DIP 16 Max 
Rth j-alumina(”)}| Thermal Resistance Junction-alumina for SO-16 Max 
Note : Soldered on PC board that simulates an application with medium device density on board 


(*) Thermal resistance junction-pins with the chip soldered on the middle of an alumina supporting substrate measuring 150 20mm ,065mm 
thickness and infinite heathsink. 
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PIN FUNCTIONS 


a 
1 Alternator Voltage Connection for voltage regulation sensing. The regulation sensitivity is a 
Sensing function of R1 and is given by : 


A VA 
1 


= 0.5 mV/Q 

2-3 Filter Capacitor A capacitor connected between these two pins filters the feedback signal 
from the regulated output. Typically the input impedance is 15 KQ. 

Alternator Overvoltage When this pin is left open circuit the overvoltage threshold is a described 


voltage at this pin is greater than 3.5 V. This threshold can be modified 
with a resistor between either the ground or pin 2. 


/GND ss This pin must be connected to ground 


Darlington Driver This pin drives the external darlington disabling it by shorting the current 
in Rg to ground. 


These pins must be left floating. 


GND 
N.C. 
IC Supply Voltage Supply Voltage Input 
A 7.5 V (typical) Zener is present at the input. 
1 Oscillator Capacitor A capacitor connected to ground sets the frequency of the internal 
oscillator. The frequency is given by : 
Lamp Driver 
Internally protected agains short circuits (current limiting), load dump 
transients and, by means of a zener, against low energy spikes. 


Phase Voltage Sensing. Connection for no charge sensing from the alternator . 


Adjustment in the specification. Typically the warning lamp is switched on when the 
2 


20 x 10 ~6 
8.4 X Cues 


fosc = 


This pin must be connected to ground. 
Current Driver for External Lamp for Diagnostics. 


10 

1 
12 
13 
14 
15 


The internal low threshold is typically 2.4 V. By means of the external 
divider R3/R4 the threshold can be adjusted to give the required sensitivity. 


Connection for Voltage Battery Sensing 
This pin senses a failure of the alternator-battery lead as the voltage 

difference Va-Vs. The external resistor R2 limits the current in overvoltage 
protection. 


Battery Voltage Sensing 
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ELECTRICAL CHARACTERISTICS (V, = 14.4 V;—30 © <T, < 100 € unless otherwise specified ; 
refer to application circuit) 


[Symbor [Parameter | Test Conditions | win. | Typ. | Max. | Unit | 


REGULATION 


Alternator Reg. Voltage T, = 20 °C, t = 100 ms 14.55 | 14.84 V 
R, = 1.3 KQ (1) 
T, =— 30 °C : 15.50 V 
T, =+ 100 °C 14.17 V 
ps6 | | mv | 


Voltage Reg. Range 10%<d<90% 
Sensitivity to R; Variation S = dVa/dR; 


| eo 

i 
Temperature Coeff. 

i acd 

I | 80 

i ae 


Darlington Driver Satur. Voltage lg =20 mA 
Oscillation Frequency Cosc = 20 NF 
Pe te ca Standby Current (pin 1) Voatt = 12 V 


DIAGNOSTIC 


Overcharging Voltage T, = 25 °C 1.054V 
Threshold (2) Ry =1.3 KQ 

Vs = Van (3) 

—- 30°C <T,<+100°C |1.049V, 


VeL Low Level Phase Voltage f = 600 Hz, T, = 25 °C 5 
Threshold (no load) (4) — 30°C <T, < + 100 °C 45 


Vas Difference Between Altern. and T, =25 2.33 3.10 
Supply Voltage (5) —~ 30°C <T, < + 100 °C 2.00 3.31 
Lamp Driver Saturation Voltage l13 =250 mA Ie cs 
Vi 30ff Lamp Driver Voltage Without R, >48Q9 
Power Supply (6) 
Alarm Delay Cose = 20 nF 


Notes: 1.d=50% the duty cycle of the output signal at pin 6 
2. The lamp is switched on with a fixed delay when the alternator voltage becomes higher than Van. (overcharge indication) 
3. Measured 100 ms after turn-on. 
4. The lamp ts switched on with a fixed delay when the voltage Vp becomes lower than Vex (the alternator is not charging the battery). 
5. The lamp is switched on when the cable B 1s broken (Va - Vs becomes higher than Vas) 
6. The lamp Is switched on when the cable A is broken (IC without power voltage supply). 
7. When the voltage at pin 1 1s greater than V; gp the internal darlington of the lamp ts switched off 
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L585 


ELECTRICAL CHARACTERISTICS (continued) 


[Symbat [Parameter | Test Conditions | win. | Typ. | wax. [ unit 


PROTECTION 


Darlingtyon Thermal Shutdown 
Threshold 
Ven (pin 10) Zener Voltage lo =60 mA 
2 = 130 mA s 2 8. Z 
Vidp Shenae oe = 25 °C 25 38 
ea ee = ie °C < T, < + 100 °C 23 40 
\_iitaae. _| 3s¢ | Lamp Driver Circuit Current | Driver nai Current —__| so | |i 1500 2am 


ldgump Pin 13 Dump Sustaining Capability | Vi 3 =110 V@ T, =25 °C 
Current V; =50 V@ t = 100 ms 


Vdump Pin 13 Dump Clamping Voltage a 3 oe mA@ 

=<3ms 
I, 3= 40 mA@ 
t=< 6ms, full T 
T, =— 30°C 


Notes: 1. d=50% the duty cycle of the output signal at pin 6 © 


The lamp ts switched on with a fixed delay when the alternator voltage becomes higher than Van (overcharge indication) 


Measured 100 ms after turn-on. 


. The lamp ts switched on when the cable B Is broken (Va - Vs becomes higher than Vas) 
. The lamp ts switched on when the cable A is broken (IC without power voltage supply) 
. When the voltage at pin 1 Is greater than V1 ap the internal darlington of the lamp is switched off 


CIRCUIT OPERATION 


1 
2 
3 
4 The lamp ts switched on with a fixed delay when the voltage Vp becomes lower than Vex (the alternator is not charging the battery). 
5 
6 
Z 


The L585 alternator regulator performs two main functions : regulation control and fault diagnostics. 


REGULATION 


The alternator voltage is compared with a reference 
voltage in an error amplifier (see block diagram), the 
output of which determines the duty cycle of the ex- 
ternal darlington. This darlington switches the cur- 
rent in the excitation coil of the alternator. 


The switching frequency is fixed and is set by the ex- 
ternal capacitor Cosc (see application circuit). Ca- 


DIAGNOSTIC 


This circuit receives information from the battery, the 
alternator and one alternator phase. It indicates 
anomolous conditions by driving a 3 W lamp. To pre- 
vent spurious fault warnings some indications are 
not displayed immediately but are delayed by a fixed 
time. No external components are needed to imple- 
ment this delay since it is produced internally by divi- 
ding the internal oscillator with an eight-stage divider 
to give a delay of 128 periods. For a one second 
delay the oscillator frequency must be 128 Hz. 


pacitive positive feedback and a monostable elimi- 
nates spurious switching caused by contact bounce. 
The base current delivered to the external darlington 
it set by the resistor Rp (See application circuit) and 
must be dimensioned according to the charac- 
teristics of this darlington and the maximum coil cur- 
rent. 


The lamp is driven after a delay when the following 
conditions occur : no enalge: break or short circuit 
in the alternator sense wire. 


The diagnostic lamp is driven immediately when the 
cable connecting the alternator to the battery is 
broken (Va-Vbatt above 2.6 typ.) or whén the IC is 
without power supply (VcE sat of the lamp driver is 
2.4 V typ. in this case). 
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PROTECTION 


SHORT CIRCUIT PROTECTION 


The integrated darlington is protected against short 
circuits of the lamp. The short circuit Current is 
limited at 600 mA and if this condition persistes ther- 
mal protection will intervene. 


DUMP PROTECTION 


The whole IC is protected against load dump tran- 
sients (100 V, 300 ms with a rise time greater than 
5 ms) in the typical application circuit. The only com- 
ponent to which this transient is directly applied (no 


Figure 1 : Application Circuit. 


Co 


ag 22nF 


The device is able to withstand all the voltage tran- 
sients mentioned in ISO DP7637/1. If voltage tran- 
sients more severe than the above ISO standard 
have to be withstood, an external protection device 


6/6 


series resistances) is the lamp driver darlington. 
During transients the darlington is kept off and can 
withstand peak voltages of 100 V. Additionally, the 
IC can withstand low energy spikes up to 300 V. 
These spikes are clamped by an internal 100 V 
zener on the collector of the lamp driver darlington. 


THERMAL PROTECTION 


When the IC temperature reaches 170 °C the lamp 
driver darlington is kept off. 


IGNITION 
SWITCH 


O?>*/ WARNING 
OY) LAMP 


= STATOR 


| 
4 i 
Ye) BORIC ALTERNATOR 


S$. 6630 


(transil) must be connected between pin 15 and 
GND. For transients up to 250V, tpulse = 500ps, 
Rsource = 472, the transil P6KE100P is recom- 
mended. 
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{ SGS-THOMSON L2605 
SF, WiCROELECTROMCS L2685-L2610 


LOW DROPOUT VOLTAGE REGULATORS 


» OUTPUT VOLTAGE OF 5, 8.5 AND 10 V 
2 OUTPUT CURRENT UP TO 500 mA 

» NO EXTERNAL COMPONENTS 

s LOW DROP-OUT VOLTAGE 

s OVERVOLTAGE PROTECTION (+ 100 V) 
» REVERSE VOLTAGE PROTECTION 

« SHORT CIRCUIT PROTECTION 

s CURRENT LIMITING 

a THERMAL SHUTDOWN 


DESCRIPTION 


The L2600 series of three terminal positive regula- 
tors is specially designed to stabilize power supplies 
car instrumentation in vehicles with 12V batte- 


ry.Available with output voltages equal to 5V, 8.5V, plgepecges Output Voltage 
10V, they can supply an output current up to 500mA. TO-220 SOT-82 

These devices are protected against load dump and L2605V L2605X 5 V 

field decay transients (+ 100V), reverse battery, L2685V L2685X 8.5 V 


short circuit and thermal overload. L2610V L2610X 10 V 


BLOCK DIAGRAM 


REVERSE 
VOLTAGE 
PROTECTION 


DUMP THERMAL CURRENT 
PROTECTION PROTECTION LIMIT 


GND(case) 
30 
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L2605-L2685-L2610 


PIN CONNECTION (top view) 


fF > OUTPUT 


|) GROUND 


INPUT 


S- 2568/1 


ABSOLUTE MAXIMUM RATINGS 


DC Input Voltage 

DC Input Reverse Voltage 
Transient Input Overvoltage : 
Load Dump: 

5msS § trse < 10Ms, 

t Fall Time Constant = 100ms, 
Resource 2 0.52 

Field Decay : 

5ms S tray < 10ms 

t, Rise Time Constant = 33ms, 
Rsource 2 100 


Power Dissipation 
T,, Tstg | Junction and Storage Temperature Range 


THERMAL DATA 


Rthy-case | Thermal Resistance Junction-case Max 8 °C/W 
Rthj-amb | Thermal Resistance Junction-ambient Max 100 °C/W 75 °C/W 


APPLICATION CIRCUIT 


(") Note : Ci and C2 are only needed if the load capacitance exceeds 1000 pF, Recommended values are C; = 0 1 pF and Co> 100 pF. 


2/3 

a Keg SGS-THONISON 
Tf wmucnos.ecTRoMes 

94 


L2605-L2685-L2610 


ELECTRICAL CHARACTERISTICS (T, = 25 °C, V, = 14 V, unless otherwise specified) 


4.80 9.00 5.20 
8.15 8.50 8.85 
9.60 10.00 | 10.40 


Load | Load Regulation V,=14V |, = 50 to 500 mA 


= Line Regulation o =50 mA V,=12to 20V 


eloreul Voltage lp = 500 mA 


lp =50 mA | = 
V.=14V Tamb =— 12 to 80 °C 
Current 


Supply Voltage V,=16V V,=2V 
Rejection f = 100 Hz I, = 500 mA 


(x) Note : For DC input voltage 28 V < V, < 35 V the device is not operating. 


ELECTRICAL CHARACTERISTICS (— 40 <T, < 125 © (note 2), V, = 14 V, unless otherwise 
specified) 


Output Voltage 4.70 5.00 5. en 


8.00 8.50 9.00 
9.40 10.00 | 10.60 


Operating Input See Note (° 
Voltage 


“ Line Regulation lb =50 mA V, = 12.5 to 20 V = 


Load Regulation V.=14V |> = 50 to 500 mA aa a ee mvV/V 
pie Rape Voltage | to = 500 mA —~ 45/8245 
| tg | Quiescent Current lb = 50 mA 


Output Short Circuit —_ 1 2. 
Current 


Notes : () For a DCinput voltage 26 V < Vi < 35 V the device is not operating. 
. The limits are guaranteed by design, correlation and statistical control on production samples over the indicated tempera- 
ture and supply voltage ranges. 
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a DRIVES DIRECTLY 300 mA ALARM LOAD 

» PROGRAMMABLE INPUT POLARITY TO 
ACTIVATE THE OUTPUT STAGE 

» PROGRAMMABLE DELAY TIME 

a PROGRAMMABLE OUTPUT DUTY CYCLE 

a OUTPUT SHORT CIRCUIT PROTECTION 

» OVERVOLTAGE AND THERMAL 
PROTECTION 


DESCRIPTION 


The 1.4620 is an integrated circuit, designed for the 
liquid level control in automotive applications. The 
liquid level is indicated by an attenuation between 
transmitted and received signal across a sensor tip 
in the Iquid. If the attenuation exceedes an internal 
threshold - sensor tip outside the liquid or liquid tem- 
perature higher than a determined value - a squarg- 
wave alarm output indicates an unsufficient liquid 
condition. If the liquid level is restored before the end 
of a delay time the alarm is not activated. 


Through two pins it is possible to program : the delay 


BLOCK DIAGRAM 


SGS-THOMSON 
NMICROELECTROMICS 


L4620 


LIQUID LEVEL ALARM 


Minidip 


ORDERING NUMBER : L4620 


time to activate the alarm, the duty cycle of the 
output squarewave, the polarity of the input thre- 
shold of the sensor for alarm activation. 


The above features make the L4620 particularly ver- 
satile for many applications and give the possibility 
to use various sensor types. 


Internal circuits prevent spurious indications from 
the liquid sensor and a latch keeps the alarm acti- 
vated until the supply voltage is switched off. The de- 
vice includes thermal shutdown protections. 


SENSOR 


November 1990 


@) 


SENSOR 
ORIVER 
OUTPUT 


SENSOR 
INTERFACE 


© 
PROGRAMMING 
PINS 


pants POLARITY (8) 
CHOICE 
_ (6) 


PULSE 
DRIVING 
STAGE 
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ABSOLUTE MAXIMUM RATINGS 


TT 
[Pier | Power Dissipation al Tae 27000 —~OSC~“‘“‘*S*~dSC“‘C~C* SOC 


PIN CONNECTION (top view) 


SENSOR POLARITY 
SELECT 


DUTY-CYCLE SELECT 
ALARM DELAY 
SELECT 


ALARM DRIVER OUTPUT 


SUPPLY VOLTAGE 


THERMAL DATA 


Thermal Resistance Junction-ambient Max 100 
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L4620 


PIN FUNCTION (Block Diagram) 


1 Oscillator 


A capacitor Cos, connected to ground and a resistor Rosc connected to pin 5 
Sensor Output 


(supply voltage) set the frequency of the internal oscillator. The period is given 
3 Sensor Input 


by : Toe = 0.693 (Rose + 5000) Case 


A squarewave is available at this pin to drive the external sensor. The output 
frequency is 1/32 of the internal oscillator fosc, i.e. 50Hz using the values of 
Rosc = 180kKQ and Cosc = 4.7NF for the external components. 


Connection for liquid level sensing. During the zero level of the squarewave signal 
at pin 2, the internal sensing circuit is disabled. During the high level of the wave 
shape the input is compared with a threshold which depends on the output 
sensor voltage at pin 2. When the voltage at this pin is low, the threshold value 
is given by: 

VsensuH = 0.4V2 (typ). If the input voltage becomes higher than the above 
Vsensu, the Vsens value is reduced to Vsens_ = 0.22Vo (typ), providing an 
hysteresis available with both the programmable polarities. 


Supply voltage input. A 4.5V (typical) zener is present at the input. The external 
resistor limits the current through the zener for high supply voltages. Moreover 
when the voltage at this pin is down 2.5V (typical) the internal reset circuit is 

activated to inizialize the counters and to reset the memory alarm latch. 


indicator by a rectangular waveshape. The output period depends on the external 
component Rosc and Cosc. Using the recommended values of block diagram the 
period T is 320ms (typ). The duty cycle depends on the status of the 
programming pin 8 (see pin 8 function) and can be or 1 :2 or 1: 641. e., refer to 
fig. 2, t= 160ms ort = 5ms. 


Alarm Delay Select | This program pin selects the alarm delay to activate the output stage after a low 


liquid level indication of the sensor. The delay depends on the internal oscillator 
frequency. Refer to application circuit, if this pin is kept low the typical delay is 
10.24s. When this pin is kept high, the typ delay becomes 20.48s. 


Through this pin it is possible to program both the sensor polarity with respect to 
the internal threshold and the duty-cycle of the output waveform which drives the 
alarm. When this pin is kept low the output rectangular wave duty cycle is 1:64 

(T = 320ms, t = 5ms in fig. 2) and the output is activated, after the delay time, if 
the voltage at pin 3 is higher than Vsens. When the voltage at this pin is high the 
output duty cycle is 50% (t = 160ms) and the output goes on, after the delay 
time, if the voltage at pin 3 is less than Vsens. 


Sensor Polarity 
Select Output 
Duty-cycle Select 
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L4620 


ELECTRICAL CHARACTERISTICS (Tamp = 25°C, unless otherwise specified. Refer to block 
diagram for external component values) 


Symbol Test Conditions 
1 


V Internal Zener Voltage Is =24mA 
pin 5) 


Zz 
Supply Current (pin 5) V, =3.8V 
Oscillator Frequency (pin 1)} Rosc = 180kQ, Cosco = 4.7NF 


V7, Vg Programming Pins Input Low State a ee See 


Programming Pins Input V7 =Vg =0V i ee es ees eae 


lo Sensor Driver Output -1 1 mA 
Current 
VsensH/V2| Sensor Input High 0.33 0.4 0.47 
Threshold Voltage Versus 
V2 (pin 3) 
Vsenst | Sensor Input Low Threshold Vo = High 0.15 0.22 0.29 
Vo Voltage Versus V2 (pin 3) Voin 3 > VsensH 


Vccamps3c | Sensor Input Clamping — 100A < Iseng < 100A — 0.1 0.1 V 
Voltage (pin 3) Veo =Low 


Sensor Drive Output 
Voltage, (*) 


sensor Input Bias Current 
(pin 3) 


Ta | Delay Time fose = 1.6kHz V7 = Low ae ee ae er 
Vout(sat) | Output Stage Saturation lout = 200mMA 13 V 
Voltage (pin 6) (**) 
Vout(clamp) | Output Stage Overvoltage | lout = 70MA 19 21 23 V 
Protection (pin 6) 


1 
*) This is a Squarewave signal. The frequency is given by : f = —— _ fose 
32 


**) The output squarewave signal frequency ts given by f= -————__fosc 
512 
The duty cycle depends on the state of the pin 8 and can be or 1.2 or 1 ° 64, i.e refer to figure 2, T = 320 ms, t = 160 or 5 ms when 
the oscillator frequency fosc = 1.6 KHz. 
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CIRCUIT OPERATION 


The L4620 liquid level alarm is designed to operate 
with a variety of sensor types which change imped- 
ance depending on whether the sensor is above or 
below the level of a liquid. If the impedance variation 
of ther liquid itself is sensed, a very simple sensor 
(two electrodes) can be used. The output stage 
drives directly the alarm indicator with a 300mA rec- 
tangular wave signal, the duty cycle of which is pro- 
grammable. 


SENSOR INTERFACE. 


As shown in the application circuit, the sensor is con- 
nected so that it varies the attenuation of a square- 
wave signal between pin 2 and pin 3 where its posi- 
tive half cycle is compared with the reference thre- 
shold (with hysteresis). 

This frequency, generated internally by a 50% duty 
cycle oscillator, is 50Hz in the typical application 
(Rose = 180KQ Cosc = 4.7nF). 

The threshold of the sensor input is a function of the 
output voltage at pin 2. The hysteresis is provided 
by a Schmitt trigger comparator. As shown in fig- 
ure 1, this gives hysteresis with either threshold po- 
larity selected. 

The AC driving of the level sensor allows the use of 
a capacitive filter (Ca, Cp, Cc in block diagram) 
which acts as a bandpass filter at the frequency 
used. The resistor Rc in the application circuit biases 
the sensor input stage. In this way the interference 
problems typical of automotive applications are re- 
duced considerably. If, however, it is not necessary 
to decouple and filter the sensor a simple resistive 
network may be used, eliminating the capacitors. 


SPURIOUS INDICATION PROTECTION. 
To prevent spurious alarm signals when the liquid is 


L4620 


agitated or in the presence of interference, the de- 
vice includes two protection mechanism : 


Firstly, the sensor interface which samples the posi- 
tive half cycle of the sensor signal activates its output 
only if there are four consecutive alarm condition in- 
dications. Secondly, the alarm output stage is only 
activated after an externally programmable delay. 
During this delay if the alarm condition ceases the 
alarm output will not be activated. 


Using the values Cosc = 4.7nF and Rose = 180KQ, 
which give a typical oscillator frequency of 1.6KHz, 
delays of about 10 s (programming pin 7 low) or 20s. 


INTERNAL MEMORY. 


When the alarm output has been activated an inter- 
nal latch holds it in the active state until the power 
supply is removed. This feature ensures that the 
alarm will not be interrupted if the sensor connection 
breaks. 


OUTPUT STAGE. 


Through pin 8 itis possible to program the duty cycle 
of the alarm signal waveform (see figure 2). When 
pin 8 is high the output signal has a duty cycle of 50% 
; if pin 8 is low the duty cycle is 1 : 64. The period of 
the output signal is always 320ms using the compo- 
nent values indicated in block diagram. 


The output stage can deliver up to 300mA and is 
protected internally against overvoltages (by a 
zener). 


A thermal shutdown circuit provides additional pro- 
tection. 
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SENSOR INPUT WAVEFORM 
Figure 1a : Pin 8 Low ; Alarm with Input Voltage > Threshold. 


aero any =0.4V ariv(pin2) 


[nse - 
Vth2= 922Vadriv (pin 2) 


S-7672/1 ALARM ' 
eet CONDITION CONDITION 


Figure 1b : Pin 8 High ; Alarm with Input Voltage < Threshold. 


Vpin3 
----- ; eas | po ee ee - -—-- — = = Vth = 9 4Variv (pin 2) 
i ' hysteris 
i) t I f] 
ee | Leet es Vth 2 =9:22 Variv(pin2 ) 
j ! | t 1 | 
! 3 : ! , ! 
! | ! iF ALARM { S- 7673/1 
CONDITION 
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7 iucrozLecrRomes 


102 


L4620 


, 
Figure 2a : Output Alarm Waveform with Pin 8 High: t= —~ T. 


lout 
(pin6) 


Figure 2b : Output Alarm Waveform with Pin 8 Low :t = 64 as 
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L4808-L4810-L4812 


VERY LOW DROP VOLTAGE REGULATORS 


a INPUT/OUTPUT DROP TYP. 0.4V 

a 400mA OUTPUT CURRENT 

a LOW QUIESCENT CURRENT 

a REVERSE POLARITY PROTECTION 

a OVERVOLTAGE PROTECTION (+ 60V) 
a FOLDBACK CURRENT LIMITING 

a» THERMAL SHUTDOWN 


DESCRIPTION 


L4800 series devices are voltage regulators with a 
very low voltage drop (typically 0.4V at full rated cur- 
rent), Output current up to 400mA, low quiescent 
current and comprehensive on-chip protection. The- 
se devices are protected against load dump and 
field decay transients of + 60V, polarity reversal and 
overheating. A foldback current limiter protects 
against load short circuits. Available in 5V, 8.5V, 
9.2V, 10V and 12V versions (allt 4%, T} = 25°C) the- 
se regulators are designed for automotive, industrial 
and consumer applications where low consumption 
is particularly important. 


BLOCK DIAGRAM 


PREREGULATOR 


DUMP 


PROTECTION 


THERMAL 
PROTECTION 


March 1992 


In automotive applications the L4805 is ideal for 5V 
logic supplies because it can operate even when the 
battery voltage falls below 6V. In battery backup and 
standby applications the low consumption of these 
devices extends battery life. 


OUTPUT 


BANDGAP 
REFERENCE & 
ERROR AMPLIFIER 


FOLDBACK 
CURRENT i 
LIMITER 


N92Z2L48E5-81 
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L4805-L4808-L4885-L48S52-L4810-L4812 


ABSOLUTE MAXIMUM RATINGS 


Symbol 


Transient Input Overvoltages : 
Load Dump : 
5ms < Trise < 10ms, 


T Fall Time Constant = 100ms, 


Resource < 0.5Q 
Field Decay : 
5ms < ttan < 10ms, Resource < 102 


T, Rise Time Constant = 33ms 


T ’ Tstg 


THERMAL DATA 


Vi__| DC input Voltage 
DC Input Reverse Voltage 


Junction and Storage Temperature Range 


- 60 V 


- 55 to + 150 


SOT-82 TO-220 


Max 8 °C/W 4 °C/W 
Max 100 °C/W 75 °C/W 


Rthj-case | Thermal Resistance Junction-case 
Rth j-amb Thermal Resistance Junction-ambient 


PIN CONNECTION (top view) 


2,0 —________ > OUTPUT 
3]  —_____> GROUND 


4{[ —_____>> _ INPUT 


7 ie tab connected to pin 3 MN392L4885-82 


Older Codes Output Voltage 
TO-220 SOT-82 


L4805CX 
L4808CX 
L4885CX 
L4892CX 
L4810CX 
L4812CX 


L4805CV 
L4808CV 
L4885CV 
L4892CV 
L4810CV 
L4812CV 


TEST AND APPLICATION CIRCUIT 


The output capacitor is required for stability. Though 
the 100 uF shown is the minimum recommended 
value, actual size and type may vary depending 
upon the application load and temperature range. 
Capacitor effective series resistance (ESR) also fac- 
tors in the IC stability. Since ESR varies from one 
brand to the next, some bench work may be required 
to determine the minimum capacitor value to use in 
production. Worst-case is usually determined at the 
minimum ambient temperature and maximum load 
expected. 


Output capacitors can be increased in size to any 
desired value above the minimum. One possible 
purpose of this would be to maintain the output vol- 
tages during brief conditions of negative input tran- 
sients that might be characteristics of a particular 
system. 


Capacitors must also be rated at all ambient tempe- 
rature expected in the system. Many aluminum type 
electrolytics will freeze at temperatures less than — 
30 °C, reducing their effective capacitance to zero. 
To maintain regulator stability down to — 40 °C, ca- 
pacitors rated at that temperature (such as tanta- 
lums) must be used. 


MN392L 4885-83 
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L4805-L4808-L4885-L4892-L4810-L4812 


ELECTRICAL CHARACTERISTICS (V| = 14.4V; Co = 100uF; Tj = 25°C unless otherwise specified.) 


[symbol | __— Parameter |__—Test Condition _| Min. | Typ. | Max. | Unit _| 
Vo | Output Voltage 


lo = 5MA to 400mA (L4808 8.32 


V 
lo = 5MA to 400mA (L4810) 8.50 
V 


| lo = 5mA to 400mA (L4812) | 883 | 920 | 957 | v_| 
| lo = 5mA to 400mA (L4885) | 9.60 | 10.00 | 1040| v_| 
| vi__| Operatinginputvoltage = | —“(tiw™s™s™~™C~dTC“(‘<;esdtCT wT 
| AVo/Vo_| LineRegulation ss i= 13t026V:lo=5mA S| | st =| to | mv | 
Load Regulation fl0=5to4ooma* || | || mv 
| WieMe | Dropourvorage [Hos aguas __{}_}_o4_ 07 
flo=150mA— —“‘zrT:SCsi“itédL«sCéie | 
Quiescent Current flo-omA— ——“—*‘ié~*rSC*‘“‘#S*sL:«Cdtsd|_ 2 | mal 
flo=i50mA— ——“(isdTs (sd 
flo=400ma*— —“‘id,:Si‘(”sisd:Ci 

m5 |omoumsvome PO 

ATeVo Drift 


| Max OutputCurrent | 
Output Short Circuit Current 
(fold back condition) 


* only for L4892 the current test conditions Is lo = 300MA 


SVR Supply Voltage Rejection lo = 350mA; f = 320Hz; 
Co = 100uUF; V; = Vo +3V+2Vopp 
Isc 


350 


© 
oO —_ 


ELECTRICAL CHARACTERISTICS (Vi = 14.4V; Co = 100uF; Tj = -40 to 125°C (note 1) unless 
otherwise specified.) 


T 
5.0 


10.60 
| Vi__| Operating input Voltage | seenote2 ss | || | 
| AVo/Vo | LineRegulation | Vi=141026V:lo=-5mA | | | 15 | mv | 
AVoVo |O = 5 to 400mA* Pts Ls | mw 

| WieVo | Dropoutvotage Ho = 400ma __{_}_05_{_og_|_v_ 
flo=i5omA iL Ct | | 

Quiescent Current flozomA iC ‘(SS te | 8m 

lo = 150mA ee ee ee 

flo=4oomay CT ss 80s | td | soma 


| lo | Max Output Current ee ee 


Isc Output Short Circuit Current 230 mA 
(fold back condition) 


Notes: 1. This limits are quaranteed by design, correlation and statistical control on production samples over the indicated temperature and 
supply voltage ranges 
2. For a DC voltage 26V < Vi< 35V the device ts not operating. 
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L4805-L4808-L4885-L4892-L4810-L4812 


Figure 1: Dropout Voltage vs. Output Current Figure 2: Quiescent Current vs. Output Current 
U1i-Vo N92ZL4805-84 Iq N92L48@5-85 

(U) (mA ) 

B.4 6G 

8.3 4Q 

8.2 26 

6.1 ) 

8 108 288 308 TolmA) ) 188 288 388 Io(mA) 

Figure 3: Output Voltage vs. Temperature Figure 4: Foldback Current Limiting(L4805) 

Uo N92L4885-66 N9I2L48E5-67 


Figure 5: Preregulator for Distributed Supplies 


4805 9U/466mA 


1@6uUF 
a5 


L 4805 5V/466mA 


160UF 
Bl 


L387A i = 


o RESET 
(#) L2 & C2 ARE NECESSARY TO REDUCE THE SWITCHING FREQUENCY SPIKES OUTPUT 


N92L4805-8@8A 
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kyz_ 36S THOMSON L4901A 


DUAL 5V REGULATOR WITH RESET 


@ OUTPUT CURRENTS: Ip; = 400mA @ RESET OUTPUT HIGH 
loo = 400mA 
@ OUTPUT TRANSISTORS SOA PROTEC- 
@ FIXED PRECISION OUTPUT VOLTAGE 5V TION 
+ 2% © 
: @ SHORT CIRCUIT AND THERMAL OVER- 
@ RESET FUNCTION CONTROLLED BY IN- LOAD PROTECTION 
PUT VOLTAGE AND OUTPUT 1 VOLTAGE 
@® RESET FUNCTION EXTERNALLY PRO- The L4901A is a monolithic low drop dual 5V 
GRAMMABLE TIMING regulator designed mainly tor supplying micro- 
processor systems. 
@® RESET OUTPUT LEVEL RELATED TO 
OUTPUT 2 Reset and data save functions during switch on/ 


off can be realized. 


@ OUTPUT 2 INTERNALLY SWITCHED WITH 
ACTIVE DISCHARGING 


@® LOW LEAKAGE CURRENT, LESS THAN 


1uA AT OUTPUT 1 Mh ZARA Heptawatt 
@ LOW QUIESCENT CURRENT (INPUT 1) W* 
@ INPUT OVERVOLTAGE PROTECTION UP ORDERING NUMBER: L4901A 
TO 60V : 


ABSOLUTE MAXIMUM RATINGS 


DC input voltage 24 V 
Transient input overvoltage (t = 40 ms) 60 V 
Output current internally limited 
Storage and junction temperature -40 to 150 


THERMAL O RESET 
PROTECTION O TIMING 


S$~7767/2 


June 1988 1/9 
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S-9349/4 


OUT4 
REFERENCE F4 
VOLTAGE 
VIN SENSE OUTe 
COMPARATOR 
VOUT4 SENSE 
COMPARATOR secey 
OUTPUT 
£4904: : LIB TIMING 


CAPACITOR 


VLO611 


WVYOVIG JILVINSHOS 


L4901A 


CONNECTION DIAGRAM 
(Top view) 


OUTPUT 1 
OUTPUT 2 
RESET 
GROUND 
TIMING CAPACITOR 
INPUT 2 
INPUT 1 
PIN FUNCTIONS 
N° NAME FUNCTION 
1 INPUT 1 Low quiescent current 400mA regulator input. 
2 INPUT 2 400mA regulator input. 
3 TIMING CAPACITOR If Reg. 2 is switched-ON the delay capacitor is charged 


with a10uA constant current. When Reg. 2 is switch- 
ed-OFF the delay capacitor is discharged. 


4 GND Common ground. 

5 RESET OUTPUT When pin 3 reaches 5V the reset output is switched high. 
Therefore tan =C; ( ar ): tro (ms) = C, (nF) 

6 OUTPUT 2 5V - 400mA regulator output. Enabled if Vo 1> Vaz 


and Vine > Vit: If Reg. 2 is switched-OFF the Coo 
Capacitor is discharged. 


7 OUTPUT 1 5V - 400mA regulator output with low leakage (in 
switch-OFF condition). 


THERMAL DATA 


Rth j-case Thermal resistance junction-case max | 4 °C/W 
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L4901A 


TEST CIRCUIT 


ELECTRICAL CHARACTERISTICS (Vin. = Vino = 14,4V, Tamp = 25°C unless otherwise 
specified) 


Output current 1 AVo1 =-100mV 


ae Leakage output 1 current Vin = 0 
Voi <3V 


7V < Vin < 18V 
lor = 5mA 


AVo2 Line regulation 2 


5MA < Io, < 400mA 


5MA < Igo < 400mMA 


0 < Vin < 13V 
7V <Vin <13V 


Quiescent current 


Quiescent current 1 


< Vina < 13V 


ae 0 

ye 2 
ee ee ee STi SGS-THOMSON 
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L4901A 


ELECTRICAL CHARACTERISTICS (continued) 


VRH Reset output voltage HIGH IR = 500uA 


V 
el ES Ps Be 
AT 


AVo2 


Thermal drift 


AT 
SVR1 Supply voltage rejection 


SVR2 Supply voltage rejection 
Tiso__Thermal shut down ee 


* The dropout voltage is defined as the difference between the input and the output voltage when the output voltage is 
lowered of 25mV under constant output current condition. 


APPLICATION INFORMATION 


In power supplies for uP systems it is necessary 
to provide power continuously to avoid loss 
of information in memories and in time of day 
clocks, or to save data when the primary supply 
is removed. The L4901A makes it very easy to 
supply such equipments; it provides two voltage 
regulators (both 5V high precision) with separ- 
ate inputs plus a reset output for the data save 
function. 


CIRCUIT OPERATION (see Fig. 1) 


After switch on Reg. 1 saturates until Vo 
rises to the nominal value. 


When the input 2 reaches V;7 and the output 1 
is higher than Vaz the output 2 (Vgo) switches 
on and the reset output (Vp) also goes high after 
a programmable time Trp (timing capacitor). 


Vo2 and Vp are switched together at low level 
when one of the following conditions occurs: 


— an input overvoltage 


— an overload on the output 1 (Vo, < Vert); 
— a switch off (Ving < Vit = View); 


and they start again as before when the con- 
dition is removed. 


An overload on output 2 does not switch Reg. 2, 
and does not influence Reg. 1. 


The Vo, output features: 


— 5V internal reference without voltage divider 
between the output and the error comparator; 


— very low drop series regulator element util- 
izing current mirrors; 


permit high output impedance and then very 
low leakage current error even in power down 
condition. 


This output may therefore be used to supply 
circuits continuously, such as volatile RAMs, al- 
lowing the use of a back-up battery. The Vo, 


G7 sss- Ss 
S/ i SERaeetonee 
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L4901A 


CIRCUIT OPERATION (continued) 


regulator also features low consumption (0.6mA 
typ.) to minimize battery drain in applications 
where the V, regulator is permanently connected 
to a battery supply. 


The Vos output can supply other non essential 
5V circuits wich may be powered down when 
the system is inactive, or that must be powered 


Fig. 1 — 


Vina=YIn2 


Yo2.¥R 


tro 


tao 


SWITCH Voy Yo2 
ON OVERLOAD 


APPLICATION SUGGESTIONS 


Fig. 2 shows an application circuit for a uP 
system typically used in trip computers or in 
car radios with programmable tuning. 


Reg. 1 is permanently connected to a battery 
and supplies a CMOS time-of-day clock and a 
CMOS microcomputer chip with volatile memory. 


Reg. 2 may be switched OFF when the system 
is inactive. 


Fig. 4 shows the L4901A with a back up battery 
on the Vo, output to maintain a CMOS time-of- 
day clock and a stand by type N-MOS pP. The 
reset output makes sure that the RAM is forced 
into the low consumption stand by state, so the 
access to memory is inhibit ana the back up 
battery voltage cannot drop so low that memory 
contents are corrupted. 


In this case the main on-off switch disconnects 
both regulators from the supply battery. 


Sa a a ier ee a Ky SGS-THO 
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t 
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| 


OVERLOAD 


down to prevent uncorrect operation for supply 
voltages below the minimum value. 


The reset output can be used as a “POWER 
DOWN INTERRUPT”, permitting RAM access 
only in correct power conditions, or as a ““BACK- 
UP ENABLE” to transfer data into in a NV 
SHADOW MEMORY when the supply is in- 
terrupted. 


Vitw 


3. 7769/1 
V eee AL 
IN SHUT SWITCH 
OVERLOAD DOWN OFF 


The L4901A is also ideal for microcomputer sys- 
tems using battery backup CMOS static RAMs. 
As shown in fig. 5 the reset output is used both to 
disable the uP and, through the address decoder 
M74HC 138, to ensure that the RAMS are disabled 
as soon as the main supply starts to fall. 


Another interesting application of the L4901A is 
in UP system with shadow memories. (see fig. 6) 


When the input voltage goes below V7, the 
reset output enables the execution of a routine 
that saves the machine’s state in the shadow 
RAM (xicor x 2201 for example). 


Thanks to the low consumption of the Reg. 1 
a 680uUF capacitor on its input is sufficient to 
provide enough energy to complete the operation. 
The diode on the input guarantees the supply 
of the equipment even if a short circuit on V, 
occurs. 


MSON 


L4901A 


APPLICATION SUGGESTION (continued) | 
Fig. 2 


IN1 1 Ts 7 OUT 1 Yop CMOS 
‘ CLOCK 


BAT TERY 


CMOS 
AP WITH 
VOL ATILE 


IN2 
— 1 tolO pF 
C2 — 
vel —_— 
3 
C3 
10 nF 7 L4901A|5 RESET OUT RESET 
4 
$7770 /3 
Fig. 3 ~ P.C. board component layout of fig. 2 (1: 1 scale) 
GND IN1 OUT2 GND 
ba, SGS-THOMSON Se te 
S/ i eRe aeeraeres 
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APPLICATION SUGGESTION (continued) 


Fig. 4 
IN1 1 
| eattery 
4.7F 
CT 
1OnF 
Fig. 5 


TO 
OTHER 
5V CHIPS 


} Y2 
M74HC138 


TO OTHER 
MEMORY 
CHIPS 


$-6053/ 2 
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@ 5V 


$-7771/2 


2 Bto3V 
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STATIC 
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APPLICATION SUGGESTION (continued) 


Fig. 6 
4 S-8055/2 
Fig. 7 - Quiescent current Fig. 8 - Quiescent current Fig. 9 - Total quiescent cur- 
(Reg. 1) vs. output current (Reg. 1) vs. input voltage rent vs. input voltage 
G.5795 G-579672 


| 
ae 
6 9 12 15 18, (Vv) 


0 3 6 9 12 15 18 Vy ™) 0 3 


Fig. 10 ~ Regulator 1 out- Fig. 11 - Regulator 2 out- Fig. 12 - Supply voltage 

put current and short circuit put current and short circuit rejection regulators 1 and 2 

current vs. input voltage current vs. input voltage vs, input ripple frequence 
G-§925 6- 0026 


92411 


EEN 
a a NN 
tt 

CONC CTT 


HEE EEE ‘ 
Pee ei Nae | 
BRaRe RE aes 
iealee led 


ne 
ET a | 
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‘THOMSON 
sara htt L4902A 


DUAL 5V REGULATOR WITH RESET AND DISABLE 


© DOUBLE BATTERY OPERATING ® INPUT OVERVOLTAGE PROTECTION UP 
® OUTPUT CURRENTS: Io; = 300mA eae 
loo = 300mA ® OUTPUT TRANSISTORS SOA PROTEC- 
® FIXED PRECISION OUTPUT VOLTAGE 5V HON 
+ 2% @® SHORT CIRCUIT AND THERMAL OVER- 
® RESET FUNCTION CONTROLLED BY IN- LOAD PROTECTION 
PUT VOLTAGE AND OUTPUT 1 VOLTAGE The L4902A is a monolithic low drop dual 5V 
@® RESET FUNCTION EXTERNALLY PRO- regulator designed mainly for supplying micro- 
GRAMMABLE TIMING PIS Ree oh acy ete: 
Reset and data save functions and remote switch 
® ele a LEVEL RELATED TO on/off control can be realized. 


@ OUTPUT 2 INTERNALLY SWITCHED WITH 
ACTIVE DISCHARGING 


© OUTPUT 2 DISABLE LOGICAL INPUT Heptawatt 


@ LOW LEAKAGE CURRENT, LESS THAN 
uA AT OUTPUT 1 


@ RESET OUTPUT NORMALLY HIGH 


ABSOLUTE MAXIMUM RATINGS 


Vin DC input voltage ; 28 V 
Transient input overvoltage (t = 40 ms) 60 V 

is Output current internally limited 

Tage ly Storage and junction temperature -40 to 150 as G 
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REFERENCE |—~ 


VOLTAGE 
VIN SENSE 
COMPARATOR 
VOUT4 SENSE 
COMPARATOR 
DIS. 
GND 


OUT1 


OUTe2 


RESET 
OUTPUT 


14902: : LIB - TIMING 
aE CAPACITOR 
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L4902A 


CONNECTION DIAGRAM 


(Top view) 


OUTPUT 

_ se SS OUTPUT 2 
—___» RESET 

Tr ___» GROUND 

rT TTTTTTTC—CtC«@DOISABLLEE. INPUT 
> TIMING CAPACITOR 


INPUT 
S-784) 
PIN FUNCTIONS 
N° NAME FUNCTION 
1 INPUT 1 Regulators common input. 
2 TIMING CAPACITOR If Reg. 2 is switched-ON the delay capacitor is charged 


with a 5uA constant current. When Reg. 2 is switch- 
ed-OFF the delay capacitor is discharged. 


3 Voo2 DISABLE INPUT A high level (> Vp) disable output Reg. 2. 
4 GND Common ground. 
5 RESET OUTPUT When pin 2 reaches 5V the reset output is switched high. 


5V 
Therefore trp = C, ( 10uA ); tro (ms) = C, (nF). 


6 OUTPUT 2 5V - 300mA regulator output. Enabled if Vo 1> Ver. 
DISABLE INPUT < Vpqz and Vin > Vjrz. If Reg. 2 is 
switched-OFF the Co» capacitor is discharged. 


7 OUTPUT 1 5V - 300mA. Low leakage (in switch-OFF condition) 
output. 


THERMAL DATA 


Rth j-case Thermal resistance junction-case max 4 °C/W 
IT] SGS-THOMSON ti‘ ‘CCCP 
7. imenozrecrRomics 
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L4902A 


TEST CIRCUIT 


$-936012 


ELECTRICAL CHARACTERISTICS (V,\y = 14.4V, Tamp= 25°C unless otherwise specified) 


Test Conditions 


Parameter 


i eee | 
VozH Output voltage 2 HIGH R load 1K Voi-0:1 | 5 | Vor 
loi Output current 1 max. AVo 1 = -100mV i ae a el A 


lLo1 Leakage output 1 current Vin = 0 LA 
Vo1 < 3V 

: V 

5 V 

V 


Vio1 Output 1 dropout voltage (*) | 193 = 10mMA 
Io] = 100mA 


ViT Input threshold voltage 


ViTH Input threshold voltage 
hysteresis 


AVo1 Line regulation 1 


AVo2 Line regulation 2 
AVoi Load regulation 1 


AVo2 


Load regulation 2 


la Quiescent current 0< Vin < 13V 


7V <Vin <13V Voo LOW 
7V <Vin <13V Vo2 HIGH 
loi = lon <5mA 


VRT Reset threshold voltage Vo2-0.15 | 4.9 |Vg2-0.05 
Reset threshold hysteresis 


VRTH 


4/9 = 
—__—__—_——_ fy SGS-THOMSON 
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L4902A 


ELECTRICAL CHARACTERISTICS (continued) 


VRL Reset output voltage LOW -imA 
trp Reset pulse delay = 10nF 


ty Timing capacitor discharge = 10nF 
time 


VpT Vga disable threshold voitage 


Ip Veo disable input current Vp < 0.4 
Vp = 2.4 


Thermal drift 


Thermal drift 


SVR1 Supply voltage rejection 


20°C Tae 


-20°C < Tamp < 


Test Conditions 


VRH Reset output voltage HIGH = 500uA 


125°C 


125°C 


* The dropout voltage is defined as the difference between the input and the output voltage when the output voltage is 


lowered of 25mV under constant output current condition. 


APPLICATION INFORMATION 


In power supplies for uP systems it is necessary 
to provide power continuously to avoid loss 
of information in memories and in time of day 
clocks, or to save data when the primary supply 
is removed. The L4902A makes it very easy to 
supply such equipments; it provides two voltage 
regulators (both 5V high precision) with common 
inputs plus a reset output for the data save func- 
tion and a Reg. 2 disable input. 


CIRCUIT OPERATION (see Fig. 1) 


After switch on Reg. 1 saturates until Vo 
rises to the nominal value. 


When the input reaches V,7 and the output 1 
is higher than Vaz the output 2 (Vo.) switches 
on and the reset output (VR) also goes high after 
a programmable time Trp (timing capacitor). 


Voo and Vp, are switched together at low level 
when one of the following conditions occurs: 


— a high level (> Vpr) is applied on pin 3; 


— an input overvoltage; 
— an overload on the output 1 (Vo, < Vez); 
— a switch off (Vin <— Vit = View); 


and they start again as before when the con- 
dition is removed. 


An overload on output 2 does not switch Reg. 2, 
and does not influence Reg. 1. 


The Vo; output features: 


— 5V internal reference without voltage divider 
between the output and the error comparator 


— very low drop series regulator element util- 
izing Current Mirrors 


permit high output impedance and then very 
low leakage current even in power down con- 
dition. 


This output may therefore be used to supply 
circuits continuously, such as volatile RAMs, al- 
lowing the use of a back-up battery. 


= 5/9 
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L4902A 


CIRCUIT OPERATION (continued) 


The Vos output can supply other non essential 
5V circuits wich may be powered down when 
the system is inactive, or that must be powered 
down to prevent uncorrect operation for supply 
voltages below the minimum value. 


The reset output can be used as a ‘POWER 
DOWN INTERRUPT”, permitting RAM access 


Fig. 1 


only in correct power conditions, or as a‘“-BACK- 
UP ENABLE” to transfer data into in a NV 
SHADOW MEMORY when the supply is in- 
terrupted. 

The disable function can be used for remote 
on/off control of circuits connected to the Vo» 
output. 


, | | ME 
THA UL , 
ay 
SWITCH Vor Vo2 Vin SHUT Vo2 SWITCH 
ON OVERLOAD OVERLOAD | OVERLOAD DOWN DISABLE OFF $-784212 j 


APPLICATION SUGGESTION 


Fig. 2 illustrate how the L4902A''s disable input 
may be used in a CMOS puComputer application. 


The Vo, regulator (low consumption) supply 
permanently a CMOS time of day clock and a 
CMOS wucomputer chip with volatile memory. 
Vo2 output, supplying non-essential circuits, is 
turned OFF under control of a uP unit. 


Configurations of this type are used in products 
where the OFF switch is part of a keyboard 
scanned by a micro which operates continuously 
even in the OFF state. 


Another application for the L4902A is supplying a 
shadow-ram microcomputer chip (SGS M38SH72 
for exemple) where a fast NV memory is backed 
up on chip by a EEPROM when a low level on 
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the reset output occurs. 


By adding two CMOS-SCHMIDT-TRIGGER 
and few external components, also a watch dog 
function may be realized (see fig. 5). During 
normal operation the microsystem supplies a 
periodical pulse waveform; if an anomalous 
condition occours (in the program or in the 
system), the pulses will be absent and the disable 
input will be activated after a settling time de- 
termined by R1 C1. In this condition all the 
circuitry connected to Vo, will be disabled, 
the system will be restarted with a new reset 
front. 


The disable of Vg5 prevent spurious operation 
during microprocessor malfunctioning. 


SON 
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APPLICATION SUGGESTION (continued) 
Fig. 2 


CMOS 
MP WITH 
VOLATILE 
RAM 


1 tol0 pF 


Hts 


RESET OUT 


RESET 


; . 
foils S$-784311 


Fig. 3 - P.C. board and component layout of the circuit of Fig. 2 (1: 1 scale) 
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APPLICATION SUGGESTION (continued) 


Fig. 4 
Vop 
TO OTHER == 
SV CHIPS “TO p F 
M38SH72 
RESET 
VSH 
GND 
S-9362/ 2 
Fig. 5 


Vop 


RST pP 


ee en ee ee en l OUTPUT 
PORT 


| 
. s. I 
| 
47 nF 
Sf 33 nF | 
2N2222 oT <I | 


l 
| 
| 
R14 C1 l PUL] 
| 
| IML EanF | 
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APPLICATION SUGGESTION (continued) 


Fig. 6 - Quiescent current Fig. 7 - Quiescent current | Fig. 8 - Supply voltage 
vs. output Current vs. input voltage rejection regulators 1 and 2 
vs. input ripple frequence 
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L4903 


DUAL 5V REGULATOR WITH RESET AND DISABLE FUNCTIONS 


@ OUTPUT CURRENTS: 15, 50mA 
loo 100mA 


@® FIXED PRECISION OUTPUT VOLTAGE 
5V +2% 


@® RESET FUNCTION CONTROLLED BY IN- 
PUT VOLTAGE AND OUTPUT 1 VOLTAGE 


@® RESET FUNCTION EXTERNALLY PRO- 
GRAMMABLE TIMING 


@® RESET OUTPUT LEVEL RELATED TO 
OUTPUT 2 


@® OUTPUT 2 INTERNALLY SWITCHED WITH 
ACTIVE DISCHARGING 


@ OUTPUT 2 DISABLE LOGICAL INPUT 


@ LOW LEAKAGE CURRENT, LESS THAN 
wA AT OUTPUT 1 


@ INPUT OVERVOLTAGE PROTECTION UP 
TO 60V 


ABSOLUTE MAXIMUM RATINGS 


DC input voltage 


V; Transient input overvoltage (t = 40 ms) 


Prot Power dissipation at Tamp= 50°C 
Storage and junction temperature 


Vi10 


June 1988 


et ee 
mi 


oe 
DISCO DISABLE 


@ RESET OUTPUT NORMALLY LOW 


@ OUTPUT TRANSISTORS SOA PROTEC- 
TION 


@® SHORT CIRCUIT AND THERMAL OVER- 
LOAD PROTECTION 


The L4903 is a monolithic low drop dual 5V 
regulator designed mainly for supplying micro- 
processor systems. 


Reset, data save functions and remote switch 
on/off control can be realized. 


Minidip Plastic 


ORDERING NUMBER: L4903 


24 

60 

1 

-40 to 150 


QOfz<< 


fe) 


© Vo! 


Vo2 


O RESET 
O TIMING 


S—9416/ 2 


1/7 


129 


L4903 


SCHEMATIC DIAGRAM 
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CONNECTION DIAGRAM 


(Top view) 
INPUT 1 8 |] ouTPUT I 
INPUT 2 7 || ouTPut 2 
TIMING RESET 
CAPACITOR 6 i OUTPUT 
V 
one 51] oisaate 
INPUT 
$-9417 

PIN FUNCTIONS 

N° NAME FUNCTION 

1 INPUT 1 Low quiescent current 50mA regulator input. 

2 INPUT 2 100mA regulator input. 

3 TIMING CAPACITOR If Reg. 2 is switched-ON the delay capacitor is charged 
with a 10UA constant current. When Reg. 2 is switched- 
OFF the delay capacitor is discharged. 

4 GND Common ground. 

5 Voo2 DISABLE INPUT A high level (> Vp) disables output Reg. 2. 

6 RESET OUTPUT When pin 3 reaches 5V the reset output is switched low. 

5V 
Therefore tro = C; Tonal’ trp (ms) = C, (nF). 

7 OUTPUT 2 5V - 100mA regulator output. Enabled if Vo 1 > Vez. 
DISABLE INPUT < Vpzy and Vino > Viz. If Reg. 2 is 
switched OFF the Cos capacitor is discharged. 

8 OUTPUT 1 5V - 50mA regulator output with low leakage in switch- 


OFF condition. 


THERMAL DATA 


Rtn j-pin Thermal resistance junction-pin 4 


Thermal resistance junction-ambient max 100 °C/W 


R th j-amb 


= 3/7 
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TEST CIRCUIT P.C. board and components layout 
of the test circuit (1 : 1 scale) 


O ome 
GND DIS. RS Vo Voy 


ELECTRICAL CHARACTERISTICS (Vy = 14,4V, Tamp= 25°C unless otherwise specified) 


Typ 


Vj DC operating input voltage 


Voi Output voltage 1 R load 1KQ | 4.95 | 
VooH Output voltage 2 HIGH R load 1K2 
Output current 1 max. (*) AVo1 = -100mV | 50 


o| 


loi Leakage output 1 current Vin = 0 
Vo1 < 3V 


02 Output current 2 max. (*) AVoo = -100mV 100 


Viol Output 1 dropout voltage (*) | Ig; = 10mA 
loi =50mA 


Vit Input threshold voltage 


VITH Input threshold voltage 
hysteresis 


as 
oo : 


AVol1 Line regulation 1 


AVoo Line regulation 2 


a 


AVoi1 Load regulation 1 


AVo2 Load regulation 2 


la Quiescent current 


N<13V Vo5 LOW 
N <13V Voo HIGH 
loi = | 2 < 5mA 


lai Quiescent current 1 


4/7 " 
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ELECTRICAL CHARACTERISTICS (continued) 


Timing capacitor discharge 
time 


SVR1 Supply voltage rejection 
SVR2 Supply voltage rejection 
Tysp Thermal shut down 


es 


* The dropout voltage is defined as the difference between the input and the output voltage when the output voltage is 
lowered of 25mV under constant output current conditions. 


APPLICATION INFORMATION 


In power supplies for uP systems it is necessary 
to provide power continuously to avoid loss 
of information in memories and in time of day 
clocks, or to save data when the primary supply 
is removed. The L4903 makes it very easy to 
supply such equipments; it provides two voltage 
regulators (both 5V high precision) with separate 
inputs plus a reset output for the data save func- 
tion and Reg. 2 disable input. 


CIRCUIT OPERATION (see Fig. 1) 


After switch on Reg. 1 saturates until Vo rises 
to the nominal value. 

When the input 2 reaches V;; and the output 1 
is higher than Vaz the output 2 (Vos and Vp») 
switches on and the reset output (Vp) goes low 
after a programmable time Tap (timing capacitor). 
Vo2 is switched at low level and Vp at high level 
when one of the following conditions occurs: 


— a high level (> Vp+) is applied on pin 5; 
— an input overvoltage; 

— an overload on the output 1 (Vo, < Vp); 
— a switch off (Vin < Vit - View); 


and they start again as before when the condi- 
tion is removed. 


An overload on output 2 does not switch Reg. 2, 
and does not influence Reg. 1. 


The Vo; output features: 


— 5V internal reference without voltage divider 
between the output and the error comparator 


— very low drop series regulator element util- 
izing current mirrors 


permit high output impedance and then very 
low leakage current even in power down con- 
ditions. 


This output may therefore be used to supply 
Circuits continuously, such as volatile RAMs, al- 
lowing the use of a back-up battery. 


3 5/7 
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CIRCUIT OPERATION (continued) 


The Vop> output can supply other non essential 
5V circuits wich may be powered down when 
the system is inactive, or that must be powered 
down to prevent uncorrect operation for supply 
voltages below the minimum value. 


The reset output can be used as a ‘POWER 
DOWN INTERRUPT”, permitting RAM access 


Fig. 1 Gye 


IN, 01,°D 


Yina=Yin2 


only in correct power conditions, or as a ““BACK- 
UP ENABLE” to transfer data into in a NV 
SHADOW MEMORY when the supply is in- 
terrupted. 

The disable function can be used for remote 
on/off control of circuits connected to the Vo> 
output. 


1 
Vor ! | 
Yor \R ! ! 
1 
l 
Yf Uf 7] 
tro | tro |, 
I 
SWITCH Vo Yo2 IN SHUT Yo2 SWITCH 
ON OVERLOAD OVERLOAD| OVERLOAD | DOWN DISABLE | OFF écaniaii 


APPLICATION SUGGESTION 


Fig. 2 illustrates how the L4903’s disable input 
may be used in a CMOS pComputer application. 


The Vo, regulator (low consumption) supply 
permanently a CMOS time of day clock and a 
CMOS ucomputer chip with volatile memory. 
Vo2 output, supplying non-essential circuits, is 


turned OFF under control! of a uP unit. 


Configurations of this type are used in products 
where the OFF switch is part of a keyboard 
scanned by a micro which operates continuously 
even in the OFF state. 


Fig. 2 
CMOS 
uP WITH 
VOLATILE 
a Be 
10 nF ai L4903 |6 RESET OUT 
eu G7 SGS-THOMSON 
4 MICROELECTRONICS 
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APPLICATION SUGGESTIONS (continued) 


Fig. 3 - Quiescent current Fig. 4 - Quiescent current 
(Reg. 1) vs. output current (Reg. 1) vs. input voltage 


G- 6100/1 G.$79612 

1 rine eae ae 
ca 08 BO 

SEESESEEEEEEEEE 
nie bat 
Ve seclltidt Da ile Mg Sete esa) | 
Gl a al 
RR Ed 
ey Tp eer | 


Vig=0 
4s SmA 


0 25 50 19}(mA) 


Fig. 5 - Total quiescent Fig. 6 - Supply voltage re- 
current vs. input voltage jection regulators 1 and 2 
vs. input ripple frequence 


G- 5866/1 G-S5924/1 


s 
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ai 
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a 
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kyz, SGSsTHOMSON L4904A 


DUAL 5V REGULATOR WITH RESET 


@® OUTPUT CURRENTS: Io, = 50mA @ RESET OUTPUT NORMALLY HIGH 
Oz. eee @ OUTPUT TRANSISTORS SOA PROTEC- 
@ FIXED PRECISION OUTPUT VOLTAGE TION 
+ 90 

SV + 2% ® SHORT CIRCUIT AND THERMAL OVER- 
@ RESET FUNCTION CONTROLLED BY IN- LOAD PROTECTION 

PUT VOLTAGE AND OUTPUT 1 VOLTAGE 
® RESET FUNCTION EXTERNALLY PRO- The L4904A is a monolithic low drop dual 5V 

GRAMMABLE TIMING regulator designed mainly for supplying micro- 
® RESET OUTPUT LEVEL RELATED TO = P~ss0F Systems. 

OUTPUT 2 Reset and data save functions during switch on/ 


@ OUTPUT 2 INTERNALLY SWITCHED WITH 16a” be realized. 
ACTIVE DISCHARGING 


@ LOW LEAKAGE CURRENT, LESS THAN 
1uA AT OUTPUT 1 


itis 
@ LOW QUIESCENT CURRENT (INPUT 1) Minidip Plastic 


@ INPUT OVERVOLTAGE PROTECTION UP 
TO 60V 


ORDERING NUMBER: L4904A 


ABSOLUTE MAXIMUM RATINGS 


DC input voltage 
Transient input overvoltage (t = 40 ms) 

lo Output current 

Prot Power dissipation at Tamp = 50°C 

Storage and junction temperature 


internally limited 
1 
-40 to 150 


QO= << 


° 


Vi10 


DISABLE 

THERMAL DELAYED a O RESET 

PROTECTION RESET OTIMING 
S-9411/1 


June 1988 1/8 
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OUT 4 
REFERENCE -— 
VOLTAGE 
VIN SENSE OUTe 
>| COMPARATOR 
VOUT4 SENSE 1 | 
>| COMPARATOR aESey 
OUTPUT 
ane > TIMING 
CAPACITOR 


S-9410/ 
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L4904A 


CONNECTION DIAGRAM 
(Top view) 


INPUT 1 |} OUTPUT 1 
INPUT 2 7 |] ouTPUT 2 
CAPACITOR 3 6 || output 
GND N.C 
PIN FUNCTIONS 
N° NAME FUNCTION 
1 INPUT 1 Low quiescent current 50mA regulator input. 
2 INPUT 2 100mA regulator input. 
3 TIMING CAPACITOR If Reg. 2 is switched-ON the delay capacitor is charged 
with a 10uA constant current. When Reg. 2 is switched- 
OFF the delay capacitor is discharged. 
4 GND Common ground. 
6 RESET OUTPUT When pin 3 reaches 5V the reset output is switched high. 
5V 
Therefore tro = C, ( TOA : trp (ms) = C, (nF). 
7 OUTPUT 2 5V - 100mA regulator output. Enabled if Vo 1 > Ver 
and Vino > Viz. If Reg. 2 is switched-OFF the Coo 
Capacitor is discharged. 
8 OUTPUT 1 5V - 50mA regulator output with low leakage in switch- 
OFF condition. 
THERMAL DATA 
Rthj-amp _ Fhermal resistance junction-ambient max 100 °C/W 


SGS-THOMSON 
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TEST CIRCUIT 
P.C. board and components layout 
of the test circuit (1 : 1 scale) 


GND Yi2 Vit 
Oy 20 


47 pF 


: a 
O.1yF c oer | 7 
I S-9413/1 


loi Output current 1 


ILo1 Leakage output 1 current 


los Output current 2 AVo2 = -100mV 


Vio1 Output 1 dropout voltage (*) | Io 
lor 

Vit Input threshold voltage 

VITH Input threshold voltage hyst. 


AVo1 Line regulation 


la 


Quiescent current 0 < Vin < 13V 
7V < Vin < 13V 
loo = loi < 5mA 


lei Quiescent current 1 6.3V < Ving < 13V 
Vin2 = 0 
loi < 5mA 
eC SGS-THOMSON 
‘Y/ iwicRogLectromes 
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ELECTRICAL CHARACTERISTICS (continued) 


VRT Reset threshold voltage 


Reset pulse delay 


Timing capacitor discharge 
time 


AVoi 
AT 


Thermal drift 


AT 


SVR1 Supply voltage rejection 


Thermal drift 


f = 100Hz 
Ve = 0.5V 


IR = -5mA 


(coe a ees oe ey 


* The dropout voltage is defined as the difference between the input and the output voltage when the output voltage is 
lowered of 25mV under constant output current condition. 


APPLICATION INFORMATION 


In power supplies for uP systems it is necessary 
to provide power continuously to avoid loss 
of information in memories and in time of day 
clocks, or to save data when the primary supply 
is removed. The L4904A makes it very easy to 
supply such equipments; it provides two voltage 
regulators (booth 5V high precision) with separ- 
ate inputs plus a reset output for the data save 
function. 


CIRCUIT OPERATION (see Fig. 1) 


After switch on Reg. 1 saturates until Vo 
rises to the nominal value. 


When the input 2 reaches V,7 and the output 1 
is higher than Vaz the output 2 (Voo) switches 
on and the reset output (Vp) also goes high after 
a programmable time Trp (timing capacitor). 


Vo2 and Vp», are switched together at low level 
when one of the following conditions occurs: 


— an input overvoltage 


— an overload on the output 1 (Vo, < Ver); 
— aswitch off (Vin < Vit = View); 


and they start again as before when the con- 
dition is removed. 


An overload on output 2 does not switch Reg. 2, 
and does not influence Reg. 1. 


The Vo, output features: 


— 5V internal reference without voltage divider 
between the output and the error comparator; 


— very low drop series regulator element util- 
izing current mirrors; 


permit high output impedance and then very 
low leakage current even in power down con- 
ditions. 


This output may therefore be used to supply 
circuits continuously, such as volatile RAMs, al- 
lowing the use of a back-up battery. The Vo, 
regulator also features low consumption (0.6mA 


G7 S6s- ee eee 
Sf i oe eee 
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CIRCUIT OPERATION (continued) 


typ.) to minimize battery drain in applications 
where the V, regulator is permanently connected 
to a battery supply. 


The Vopo output can supply other non essential 
5V circuits which may be powered down when 
the system is inactive, or that must be powered 
down to prevent uncorrect operation for supply 


Fig. 1 


177 


Vint="In2 


Vo2 YR 


feo 


SWITCH Vou 
ON OVERLOAD 


tr 


APPLICATION SUGGESTIONS 


Fig. 2 shows an application circuit for a uP 
system. 


Reg. 1 is permanently connected to a battery 
and supplies a CMOS time-of-day clock and a 
CMOS microcomputer chip with volatile memory. 


Reg. 2 may be switched OFF when the system 
is inactive. 


Fig. 3 shows the L4904A with a back up battery 


voltages below the minimum value. 


The reset output can be used as a “POWER 
DOWN INTERRUPT”, permitting RAM access 
only in correct power conditions, or as a ““BACK- 
UP ENABLE” to transfer data into in a NV 
SHADOW MEMORY when the supply is in- 
terrupted. 


ITH 


! | 
4 : 2 
= | 
; Sa | 
r RTH | 
} 
I | t 
| | 
| | 
1 l 
I l 
| 


aan 


VT) 


V 
02 
OVERLOAD | OVERLOAD DOWN OFF 


S.7769/1 
V eed AL 
IN SHUT SWITCH 


on the Vo, output to maintain a CMOS time-of- 
day clock and a stand by type C-MOS uP. The 
reset output makes sure that the RAM is forced 
into the low consumption stand by state, so the 
access to memory is inhibit and the back up 
battery voltage cannot drop so low that memory 
contents are corrupted. 


In this case the main on-off switch disconnects 
both regulators from the supply battery. 


6/8 = 
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APPLICATION SUGGESTIONS (continued) 


Application Circuits of a Microprocessor system (Fig. 2) or with data save battery (Fig. 3). The reset 
output provide delayed rising front at the turn-off of the regulator 2. 


Fig. 2 
BATTERY 
CMOS 
wP WITH 
VOLATILE 
RAM 
$-9414/1 
Fig. 3 


IN1 1 
| sarterY 


ae 


OTHER LOGIC 
@ 5V 
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APPLICATION SUGGESTIONS (continued) 


Fig. 4 - Quiescent current 
(Reg. 1) vs. output current 


“at Os 
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Ks Bsa est a PB ete 
i= ey tet Vee det ssi 
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Fig. 6 - Total quiescent cur- 
rent vs. input voltage 


I 
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Fig. 5 - Quiescent current 
(Reg. 1) vs. input voltage 


ee 
Laan ee 


3 6 9 2 1% 8 Vy (Vv) 


Fig. 7 - Supply voltage 
rejection regulators 1 and 2 


vs. input ripple MeQUEDIGS 
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USE ETS ——kag05 


DUAL 5V REGULATOR WITH RESET 


@ DOUBLE BATTERY OPERATING ® RESET OUTPUT HIGH 
@ OUTPUT CURRENTS: Ip; =200ma © OUTPUT TRANSISTORS SOA PROTEC- 
loo = 300mA TION 

@ FIXED PRE N E 5V 

ae Speen en vorleAGee @® SHORT CIRCUIT AND THERMAL OVER- 
LOAD PROTECTION 

© RESET FUNCTION CONTROLLED BY IN- 
PUT VOLTAGE AND OUTPUT 1 VOLTAGE The L4905 is a monolithic low drop dual 5V 

@® RESET FUNCTION EXTERNALLY PRO- regulator designed mainly for supplying micro- 
GRAMMABLE TIMING processor systems. 

@ RESET OUTPUT LEVEL RELATED TO Reset and data save functions during switch on/ 
OUTPUT 2 


off can be realized. 
® OUTPUT 2 INTERNALLY SWITCHED WITH 
ACTIVE DISCHARGING 


@ LOW LEAKAGE CURRENT, LESS THAN 
1A AT OUTPUT 1 Heptawatt 


@® LOW QUIESCIENT CURRENT (INPUT 1) 


@ INPUT OVERVOLTAGE PROTECTION UP 
TO 60V 


ORDERING NUMBER: L4905 


ABSOLUTE MAXIMUM RATINGS 


DC input voltage 28 V 
Transient input overvoltage (t = 40 ms) 60 V 
Output current internally limited 
Storage and junction temperature -~40 to 150 


THERMAL O RESET 
PROTECTION O TIMING 


$~7767/2 


June 1990 1/8 
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OUT14 
REFERENCE +— 
VOLTAGE 
VIN SENSE I i 
COMPARATOR 
VOUT4 SENSE 
COMPARATOR RESET 
OUTPUT 
£4901: : LIB © TIMING 


CAPACITOR 


S067'1 


WVYSVIC JILVNSHOS 


CONNECTION DIAGRAM 


(Top view) 


PIN FUNCTIONS 


N° NAME 

1 INPUT 1 

2 INPUT 2 

3 TIMING CAPACITOR 
4 GND 

5 RESET OUTPUT 

6 OUTPUT 2 

7 OUTPUT 1 


THERMAL DATA 


Rth case Thermal resistance junction-case 


L4905 


OUTPUT 1 

OUTPUT 2 

RESET 

GROUND 

TIMING CAPACITOR 
INPUT 2 

INPUT 1 


S-7768 


FUNCTION 


Low quiescent current 200mA regulator input. 

300mA regulator input. 

If Reg. 2 is switched-ON the delay capacitor is charged 
with a 10uA constant current. When Reg. 2 is switch- 
ed-OFF the delay capacitor is discharged. 

Common ground. 

When pin 3 reaches 5V the reset output is switched high. 


5V 
Therefore trp — C, ( TOUA ); trp (ms) — C, (nF) 


5V - 300mA regulator output. Enabled if Vo 1>Vpr 
and Vino > Viz. If Reg. 2 is switched-OFF the Coo 
capacitor is discharged. 


5V - 200mA regulator output with low leakage (in 
switch-OFF condition). 


SGS-THOMSON 
MICROELECTROMICS 
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TEST CIRCUIT 


ve a." omer T ae 


S-9348/4 


ELECTRICAL CHARACTERISTICS (Ving = Vine = 14,4V, Tamp = 25° unless otherwise 


specified) 
a ee ca 
DC operating input voltage are | 24 
Output voltage 1 R load 1KQ ‘eetits ooo 


erm owen Fa 
Ten 
= 
— 
0 
0 


= Leakage output 1 current Vin = 0 
Vor < 3V 


a 
mma 
mz 
hal 


loi =10mA 
lo1 = 100mA 
lo = 200mA 


SaaRacearneriweee MEL 
WV < Vin < 24V 7 


.0O 
~ to 


Hee Output 1 dropout voltage (*) 


ay 
8 
1.05 


_ 
es) 


Vit Input threshold voltage 


ViTH Input threshold voltage hyst. 


AVoi1 


AVo2 Line regulation 2 


AVo1 Load regulation 1 


22 Load regulation 2 


Quiescent current 


Line regulation 1 


loi = 5mA 


5mA < Ig] < 200mA 


5mA < Igo < 300mA 


0 < Vin < 13V 
7V <Vin < 13V 
loo = loi < 5mA 


| 64 | 

rere 

se [ao 

GEL 
3.5 


>> 


lai Quiescent current 1 6.3V < Vini < 13V 
Vin 
igtNZ Sma loo =0 
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ELECTRICAL CHARACTERISTICS (continued) 


VrtH Reset threshold hysteresis 


AVoi1 
AT 


AVoo 


Thermal drift 


Thermal drift 


SVR1 Supply voltage rejection 


SVR2 Supply voltage rejection 


VeaH Reset output voltage HIGH = 500uA 


ty Timing capacitor discharge e = 10nF 

time 
-20°C < Tamb < 125°C 
-20°C < Tamb < 125°C 


(o} 

Nn 

t 
— 


on 

cE 
oO 
Ae) 

<|<|2} 


N 
ac 
E 
rz) 


2° 
tw | Ow 


80 


* The dropout voltage is defined as the difference between the input and the output voltage when the output voltage is 


lowered of 25mV under constant output current condition. 


APPLICATION INFORMATION 


In power supplies for uP systems it is necessary 
to provide power continuously to avoid loss 
of information in memories and in time of day 
clocks, or to save data when the primary supply 
is removed. The L4905 makes it very easy to 
supply such equipments; it provides two voltage 
regulators (both 5V high precision) with separ- 
ate inputs plus a reset output for the data save 
function. 


CIRCUIT OPERATION (see Fig. 1) 


After switch on Reg. 1 saturates until Vo; 
rises to the nominal value. 


When the input 2 reaches V;7 and the output 1 
is higher than Vay the output 2 (Voo) switches 
on and the reset output (Vp) also goes high after 
a programmable time Trp (timing capacitor). 


Vo2 and Vr are switched together at low level 
when one of the following conditions occurs: 


— an input overvoltage: 


— an overload on the output 1 (Vo; < Ver); 
— aswitch off (Ving < Vit - View); 


and they start again as before when the con- 
dition is removed. 


An overload on output 2 does not switch Reg. 2, 
and does not influence Reg. 1. 


The Vo, output features: 


— 5V internal reference without voltage divider 
between the output and the error comparator; 


— very low drop series regulator element util- 
izing current mirrors; 


— permit high output impedance and then very 
low leakage current error even in power down 
condition. 


This output may therefore be used to supply 
circuits continuously, such as volatile RAMs, al- 
lowing the use of a back-up battery. The Vo 


Ow SGS- a 
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CIRCUIT OPERATION (continued) 


regulator also features low consumption (0.6mA 
typ.) to minimize battery drain in applications 
where the V, regulator is permanently connected 
to a battery supply. 


The Voz output can supply other non essential 
5V circuits wich may be powered down when 
the system is inactive, or that must be powered 


Fig. 1 


t Yin Yon 


=V 


Vint=*In2 


Vo2.“R 
y |_| 
ino, 


APPLICATION SUGGESTIONS 


Fig. 2 shows an application circuit for a uP 
system typically used in trip computers or in 
car radios with programmable tuning. 

Reg. 1 is permanently connected to a battery 
and supplies a CMOS time-of-day clock and a 
CMOS microcomputer chip with volatile memory. 
Reg. 2 may be switched OFF when the system 
is inactive. 


Vor 
vat +- -4---o NS . 
! f 
| Yeti 
| 
! 
| 
I 
l 
I 


baa 


TIM 


down to prevent uncorrect operation for supply 
voltages below the minimum value. 


The reset output can be used as a “POWER 
DOWN INTERRUPT”, permitting RAM access 
only in correct power conditions, or as a ‘““BACK- 
UP ENABLE” to transfer data into in a NV 
SHADOW MEMORY when the supply is in- 
terrupted. 


Vit 


S$. 7769/1 
THER 


VIN SHUT SWITCH 


OVERLOAD | OVERLOAD DOWN OFF 


Fig. 4 shows the L4905 with a back up battery 
on the Vo; output to maintain a CMOS time-of- 
day clock and a stand by type N-MOS uP. The 
reset Output makes sure that the RAM is forced 
into the low consumption stand by state, so the 
access to memory is inhibit and the back up 
battery voltage cannot drop so low that memory 
contents are corrupted. 


In this case the main on-off switch disconnects 
both regulators from the supply battery. 
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APPLICATION SUGGESTION (continued) 
Fig. 2 


IN1 7 | OUT1 Yop CMOS 
EG. CLOCK 


BATTERY 
Ci 
ok 0.22uF | 
IN2 
O g REG. 2 


CMOS 
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1 tol0 uF 


ze 


RESET OUT 


RESET 


5 


S-10540 


Fig. 3 - P.C. board component layout of fig. 2 (1: 1 scale) 
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APPLICATION SUGGESTION (continued) 
Fig. 4 
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Fig. 5 - Quiescent current 
(Reg. 1) vs. output current 


Fig. 6 - Quiescent current 
(Reg. 1) vs. input voltage 


Fig. 7 - Total quiescent cur- 
rent vs. input voltage 
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kys S65 THOMSON L4915 


ADJUSTABLE VOLTAGE REGULATOR PLUS FILTER 


@ OUTPUT VOLTAGE ADJUSTABLE FROM A- supervisor low-pass loop of the element pre- 
4 TO 11V vents the output transistor from saturation at 

@ HIGH OUTPUT CURRENT (UP TO 250mA) —s«[OW input voltage. 

© HIGH RIPPLE REJECTION The non linear behaviour of this control circuitry 

allows a fast settling of the filter. 

@ HIGH LOAD REGULATION 

@® HIGH LINE REGULATION 

® SHORT CIRCUIT PROTECTION 

@ THERMAL SHUT DOWN WITH HYS- 


TERESIS Power Minidip 
@ DUMP PROTECTION 


(4 + 4) 


This circuit combines both a filter and a voltage 
regulator in order to provide a high ripple rejec- ORDERING NUMBER: L4915 
tion over a wide input voltage range. 


BLOCK DIAGRAM 


INO 
Vesa [7 
E3 j 
OC Out 
3 
O AdJUST 
THERMAL 
PROTECT. 
| 5-8 
O GNO 
$-7894/) 
-% 
June 1988 1/5 
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ABSOLUTE MAXIMUM RATINGS 


Peak input voltage (300ms) 40 V 
V; DC input voltage 28 V 
I, Output current internally limited 


internally limited 
-40 to 150 


Power dissipation 
Storage and junction temperature 


CONNECTION DIAGRAM 


(Top view) 


INPUT VOLTAGE ]] 1 


FILTERING 
CAPACITOR 


GROUND 


ADJUST 


OUTPUT 


Fig. 1 - Application circuit 


S -7896/2 


2.5(R1+R2) 
% OUTPUT VOLTAGE Vo>= 
R2 


THERMAL DATA 


Thermal resistance junction-ambient 
Thermal resistance junction-pins 


Rtn j-amb 
Rtn j-pins 


PU ne ee ee 77 GS- 
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ELECTRICAL CHARACTERISTICS (Tamb = 25 C, V; = 13.5V, Vo = 8.5V, circuit of Fig. 1, 


unless otherwise specified) 


i 
Vo Output voltage Vj; =6 to 18V 
lb =5to 150mMA 


NO 
oO 


eee —_ 
< e 


AVijo Controlled input-output Ip =5 to 150mMA 
dropout voltage V; =6 to 10V 
AVo Line regulation V; = 12 to 18V 1 0) mV 
lo = 10mMA 
AVo Load regulation lp =5to 250mMA mV 
ton = 30us 
tor¢ = 2 Ims 


Load regulation 
(filter mode) 


Vj =8.5V 
lp =5 to 150mMA 
ton = 30us 

tof¢ = = Ims 


Quiescent current lo =5mA 


lq 
Alg Vj =6 to 18V 
lo =5 to 150mA 


NO 
a 


mf — 
—_ NO t 


. 


1 


B 
> 


Quiescent current change 


3B 
> 


Adjust input current 


— Output voltage drift 


Supply voltage rejection 


Isc Short circuit current 


Switch on time 


Thermal shutdown 
junction temperature 


WwW 
Oo 
jo) 


(*) Depending of the Ce7 capacitor. 
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PRINCIPLE OF OPERATION 


During normal operation (input voltage upper 
than V; MIN — Vout Nom + AVyjo). The device 
works as a normal voltage regulator built around 
the OP1 of the block diagram. 

The series pass element uses a PNP-NPN connec- 
tion to reduce the dropout. The reference voltage 
of the OP1 is derived from a REF through the 
OP2 and QO3, acting as an active zener diode of 
value VeReEF- 

In this condition the device works in the range 
(1) of the characteristic of the non lineax drop 
control unit (see fig. 2). 

The output voltage is fixed to its nominal value: 


R1 
V =V (eS) = 
OUT NOM REF ( R? ) 


R1 
V 1+— 
cet (1+ Ro) 


The ripple rejection is quite high (70dB) and in- 
dependent to Cr+ value. 

On the usual voltage regulators, when the input 
voltage goes below the nominal value, the regula- 
tion transistors (series element) saturate bringing 
the system out of regulation and making it very 
sensible to every variation of the input voltage. 
On the contrary, a control loop on the L4915 
consents to avoid the saturation of the series 
element by regulating the value of the reference 
voltage (pin 2). In fact, whenever the input volt- 
age decreases below (V, win the supervisor loop, 
utilizing a non linear OTA, forces the reference 
voltage at pin 2 to decrease by discharging Cer. 
So, during the static mode, when the input volt- 
age goes below Viyin the drop out is kept fixed 


to about 1.6V. In this condition the device works 
as a low pass filter in the range (2) of the OTA 
characteristic. The ripple rejection is externally 
adjustable acting on Cr+ as follows: 


; V; (ja) 
SVR (ja) = |—————— 
Vout (j2) 
~6 
1 + 10 
Lae (peel 
jwCer R2 


Where: 
gm=2°10° 1! =OTA'S typical transconduc- 
tance value on linear region 


Ri _.. : 
la fixed ratio 


Cr+ = value of capacitor in UF 


The reaction time of the supervisor loop is given 
by the transconductance of the OTA and by Cer. 
When the value of the ripple voltage is so high 
and its negative peak is fast enough to determine 
an istantaneous decrease of the dropout till 1.2V, 
the OTA works in a higher transconductance 
condition [range (3) of the characteristic] and 
discharges the capacitor rapidously. 

If the ripple frequency is high enough the ca- 
pacitor won't charge itself completely, and the 
output voltage reaches a small value allowing a 
better ripple rejection; the device’s again working 
as a filter (fast transient range). 

With Ce, = 10uF; f = 100Hz; V, = 8.5V a 
SVR of 45 is obtained. 


Fig. 2 - Nonliner transfer characteristic of the drop control unit 


S-9617/2 3 aa 


Vin’ Yout 


1) Normal operating range (high ripple rejection) 
2) Drop controlled range (medium ripple rejection) 
3) Fast discharge of Ce+ 
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L4915 


Fig. 3 - Supply voltage Fig. 4 ~ Supply voltage Fig. 5 - V, vs. supply volt- 
rejection vs. input voltage rejection vs. frequency age (V, = 8.5V) 
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Fig. 6 - Quiescent current Fig. 7 ~ Dropout vs. load 
vs. input voltage (V, are: 5V) current 
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SGS-THOMSON 
MICROELECTRONICS L4916 


VOLTAGE REGULATOR PLUS FILTER 


© FIXED OUTPUT VOLTAGE 8.5V A supervisor low-pass loop of the element pre- 

@ 250mA OUTPUT CURRENT vents the output transistor from saturation at 
low input voltages. 

@ HIGH RIPPLE REJECTION The non linear behaviour of this control circuitry 

@® HIGH LOAD REGULATION allows a fast settling of the filter. 

@ HIGH LINE REGULATION 

@® SHORT CIRCUIT PROTECTION 

@® THERMAL SHUT DOWN WITH 


HYSTERESIS 


eeee 
@ DUMP PROTECTION Power Minidip 
(4 + 4) 


This circuit combines both a filter and a voltage 


regulator in order to provide a high ripple rejec- ORDER CODE: 14916 
tion over a wider input voltage range. 


BLOCK DIAGRAM 


| 
LIMITING 


© OUT 


sib $-7772 


June 1988 1/6 
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L4916 


ABSOLUTE MAXIMUM RATINGS 


40 V 
28 V 
internally limited 
internally limited 
-40 to 150 sa 


Peak input voltage (300 ms) 

DC input voltage 

lo Output current 

Pie Power dissipation 

Storage and junction temperature 


CONNECTION DIAGRAM (top view) 


INPUT VOLTAGE |] 1 


FILTERING 
CAPACITOR 
GROUND 


N.C 


OUTPUT 


THERMAL DATA 


80 °C/W 
max 20 °C/W 


Rthj-amb Thermal resistance junction-ambient 
Rthppins Thermal resistance junction pins 


2/6 F 
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Ls 


ELECTRICAL CHARACTERISTICS (T,,,, = 25°C, V,; = 13.5V, Test circuit of fig. 1, unless 


otherwise specified) 


Parameter Test Conditions Unit 


Output voitage V; = 12 to 18V 
9 = 9 to 150mMA 


Typ. 


jo) 


AVij0 Controlled input-output V; =5 to 10V 
dropout voltage lp = 5 to 150mMA 


Line regulation V; =12 to 18V 
lpo = 10MA 


ee] 
ol 
NO 


Load regulation lb =5to 250mA 
ton = 30us 
tore = = IMs 


O1 
ro) 
—_ 
oO 
os) 
2 


nN 
—_ 


Load regulation V,;=8.5V 

(filter mode) lo =5 to 150mA 
ton = 30us,. 
tof¢ = 2 ims 


150 250 


Vipc =12to18V 


70 dB 
Vipc =6 to 11V 35 (*) dB 


V,;=5to11V 500 (*) 
V;=11 to 18V 300 


3 


oo = 
a 2 
N 
3 


i =6 to 18V 
=5to 150mA 


Quiescent current change 


Output voltage drift 


SVR Supply voltage rejection Viac = 1Vrms 
f = 100Hz 


o = 150mA 


ea Switch on time 


T, Thermal shutdown 
junction temperature 


(*) Depending of the Ce+ capacitor. 


a 3/6 
ST Better ae 


L4916 


Fig. 1 - Test and Application Circuit 


S ~777412 


Fig. 2 - P.C. board and component layout of fig. 1 (1:1 scale) 


i ae a ky SGS-THOMSON 


MICROELECTRONICS 
162 


PRINCIPLE OF OPERATION 


During normal operation (input voltage upper 
than Vv; MIN — Vout NOM + AV io). The device 
works as a normal voltage regulator built around 
the OP 1 of the block diagram. 

The series pass element use a PNP-NPN connec- 
tion to reduce the dropout. The reference voltage 
of the OP1 is derived from a REF through the 
OP2 and QO3, acting as an active zener diode of 
value VReF: 

In this condition the device works in the range 
(1) of the characteristic of the non linear drop 
control unit (see fig. 3). 

The output voltage is fixed to its nominal value: 


V =v fe Rs 
OUT NOM rer (1 R? 


a = INTERNALLY FIXED RATIO = 2.4 


The ripple rejection is quite high (70 dB) and in- 
dependent from Cez7 value. 

On the usual voltage regulators, when the input 
voltage goes below the nominal value, the regula- 
tion transistors (series element) saturate bringing 
the system out of regulation making it very 
sensible to every variation of the input voltage. 
On the contrary, a control loop on the L4916 
consents to avoid the saturation of the series 
element by regulating the value of the reference 
voltage (pin 2). In fact, whenever the input volt- 
age decreases below V, yin the supervisor loop, 
utilizing a non linear OTA, forces the reference 
voltage at pin 2 to decrease by discharging Cer. 


L4916 


So, during the static mode, when the input volt- 
age goes below Vpn the drop out is kept fixed 
to about 1.6V. In this condition the device works 
as a low pass filter in the range (2) of the OTA 
characteristic. The fipple rejection is externally 
adjustable acting on Ce as follows: 


V, (jw) 
SVR (jw) = |——-+—— | = 
Vout (jw) | 
10-6 
+ 
gm 1+ R1 
jwCe+ R2 


Where: 
gm = 2° 105 02-! = OTA'S typical transconduc- 
~ tance value on linear region 


—— = fixed ratio 


Ce+ = value of capacitor in uF 


The reaction time of the supervisor loop is given 
by the transconductance of the OTA and by Cr+. 
When the value of the ripple voltage is so high 
and its negative peak is fast enough to determine 
an istantaneous decrease of the dropout till 1.2V, 
the OTA works in a higher transconductance 
condition [range (3) of the characteristic] and 
discharge the capacitor rapidously. 

If the ripple frequency is high enough the ca- 
pacitor won’t charge itself completely, and the 
output voltage reaches a small value allowing a 
better ripple rejection; the device’s again working 
as a filter (fast transient range). 

With Cez= 10 uF; f = 100 Hz a SVR of 35 is 
obtained. 


Fig. 3 - Nonliner transfer characteristic of the drop control unit 


S-9617/2 


Vin’ YoutT 


1) Normal operating range (high ripple rejection) 
2) Drop controlled range (medium ripple rejection) 
3) Fast discharge of Cr+ 
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L4916 


Fig. 4 - Supply voltage 
rejection vs. input voltage 
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Fig. 7 - Quiescent current 
vs. input voltage 
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Fig. 9 - Inhibit function realized on Cr+ pin. 


5 - Supply voltage 
rejection vs. frequency 
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Fig. 8 ~ Dropout vs. load 
current 
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THOMSON 
MICROELECTRONICS 


0 2 4 6 8 10 12 1% 16 


Fig.6-V, vs. supply voltage 


vy (v) 


Ay cath ate L4918 


VOLTAGE REGULATOR PLUS FILTER 


@ FIXED OUTPUT VOLTAGE 8.5V A supervisor low-pass loop of the element pre- 
® 250mA OUTPUT CURRENT vents the output transistor from saturation at 
low input voltages. 
® 
Me Hit PEE RESECTION The non linear behaviour of this control circuitry 
@® HIGH LOAD REGULATION allows a fast setting of the filter. 
@® HIGH LINE REGULATION 
@® SHORT CIRCUIT PROTECTION 
® THERMAL SHUT DOWN WITH HYSTER- 
ESIS 
& 


DUMP PROTECTION “S Pentawatt 


The L4918 combines both a filter and a voltage 


regulator in order to provide a high ripple rejec- ORDERING NUMBER: L4918 
tion over a wider input voltage range. 


BLOCK DIAGRAM 


INO— 


1 
| 
l le 
AY | Q2 
AV 
| 


MONCLIN OTA ai 
CURRENT “ 
LIMITING > 
OUT 
5 
RI 
THERMAL 
= 
© GNO 
3 


| §-9407/1 


June 1988 1/5 
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L4918 


ABSOLUTE MAXIMUM RATINGS 


Ve. Peak input voltage (300ms) 40 V 
Vs DC voltage 28 V 
4 Output current internally limited 
Prot Power dissipation internally limited 
T stg. Tj Storage and junction temperature -40 to 150 2G 
CONNECTION DIAGRAM 
(Top view) 

5 —)—O—s«é“OUT 

46 ONC, 

be 3- —_ > GND 
2D 6FILTER 
1 [> _—s INPUT 
(Tab connected to pin 3) $-9408 
Fig. 1 - Application and test circuit 
vj 
$-9409/1 
THERMAL DATA 
Rth j-case Thermal resistance junction-case max 4 °C/W 
Ce a ree ae SGS-THOMSON 
Y/ McRoELECTRONIES 
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L4918 


ELECTRICAL CHARACTERISTICS (T.,,, = 25°C, V, = 13.5V unless otherwise specified) 


ee ee 


= =5 to 150mA alka 
" lal 

z 7 

| : ; ia 


Output voltage 


AVi/O Controlled input-output 
dropout voltage 


V; =5 to 10V 
Ib =5 to 150MA 


Line regulation Vj; = 12 to 18V 


15 = 10mMA 


Load regulation lb =5 to 250mMA 
ton = 30us 


toff => ims 


Load regulation V;, =8.5V 
1b =5 to 150mA 
ton = 30us 


tof = > Iims 


Ms =6to 18V 
9 =9 to 150mMA 


Quiescent current change 


Output voltage drift 


Viac =1Vims 
f = 100Hz 
l5 = 150mA 


Supply voltage rejection 


Vioc =12to 18V 
Vipc = 6t0 11V 


V,;=5to11V 


500 (*) 
V, = 11 to 18V 300 


(*) Depending of the Ce+ capacitor 


Switch on time 
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L4918 


PRINCIPLE OF OPERATION 


During normal operation (input voltage upper 
than Vi MIN — Vout NOM oF AViyo). The device 
works as a normal voltage regulator built around 
the OP1 of the block diagram. 

The series pass element use a PNP-NPN connec- 
tion to reduce the dropout. The reference voltage 
of the OP1 is derived from a REF through the 
OP2 and QO3, acting as an active zener diode of 
value VREF- 

In this condition the device works in the range 
(1) of the characteristic of the non linear drop 
control unit (see fig. 2) 

The output voltage is fixed to its nominal value: 


Vout nom = Veer (1 + vice = 


=> = INTERNALLY FIXED RATIO = 2.4 


The ripple rejection is quite high (71 dB) and in- 
dependent from Cr+ value. 

On the usual voltage regulators, when the input 
voltage goes below the nominal value, the regula- 
tion transistors (series element) saturate bringing 
the system out of regulation making it very sen- 
sible to every variation of the input voltage. On 
the contrary, a Control loop on the L4918 con- 
sents to avoid the saturation of the series element 
by regulating the value of the reference voltage 
(pin 2). In fact, whenever the input voltage 
decreases below Vj, win the supervisor loop, 
utilizing a non linear OTA, forces the reference 
voltage at pin 2 to decrease by discharging Cer. 
So, during the static mode, when the input volt- 


age goes below Viqjn the drop out is kept fixed 
to about 1.6V. In this condition the device works 
as a low pass filter in the range (2) of the OTA 
characteristic. The ripple rejection is externally 
adjustable acting on Ce+ as follows: 


V. 
SVR (jw) = eae = 
Vout (jw) 
1+ 10° 
jwCery R2 


gm = 2: 10°5 02-1! = OTA’S typical transconduc- 
tance value on linear region 


TR ae fixed ratio 
2 


Ce+ = value of capacitor in uF 


The reaction time of the supervisor loop is given 
by the tranconductance of the OTA and by Cr-. 
When the value of the ripple voltage is so high 
and its negative peak is fast/enough to determine 
an istantaneous decrease of the dropout till 1.2V, 
the OTA works in a higher transconductance 
condition [range (3) of the characteristic] and 
discharge the capacitor rapidously. 

If the ripple frequency is high enough the ca- 
pacitor won't charge itself completely, and the 
output voltage reaches a small value allowing a 
better ripple rejection; the device’s again working 
as a filter (fast transient range). 

With Ce+= 10 uF; f = 100 Hz a SVR of 35 is 
obtained. 


Fig. 2 - Nonliner transfer characteristic of the drop control unit 
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Vin’ YouT 


1) Normal operating range (high ripple rejection) 
2) Drop controlled range (medium ripple rejection) 
3) Fast discharge of Cey+ 
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Fig. 3 - Supply voltage 
rejection vs. frequency — 


~5798 
IL= =t00mA 
ft =10uF 


Ty RMS 
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Fig. 4 - Supply voltage 
rejection vs. input voltage 
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Fig. 5 - Output voltage vs 
input voltage 
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L4920 
L4921 


VERY LOW DROP ADJUSTABLE REGULATORS 


» VERY LOW DROP VOLTAGE 

a ADJUSTABLE OUTPUT VOLTAGE FROM 
1.25V TO 20V 

a 400mA OUTPUT CURRENT 

» LOW QUIESCENT CURRENT 

» REVERSE VOLTAGE PROTECTION 

a + 60/-—60V TRANSIENT PEAK VOLTAGE 
PROTECTION 

a SHORT CIRCUIT PROTECTION WITH FOLD- 
BACK CHARACTERISTICS 

a» THERMAL SHUT-DOWN 


DESCRIPTION 


The L4920 and L4921 are adjustable voltage regu- 
lators with a very low voltage drop (0.4V typ. at 0.4A 
T; = 25°C), low quiescent current and comprehen- 
sive on-chip protection. 

These devices are protected against load dump and 
field decay transients, polarity reversal and over 
heating. 

A foldback current limiter protects against load short 
circuits. 

The output voltage is adjustable through an exter- 
nal divider from 1.25V to 20V. The minimum opera- 
ting input voltage is 5.2V (Ty = 25°C). 


BLOCK DIAGRAM 


ee ee 


Pentawatt 


Minidip (4 + 4) 


ORDER CODES :L4920 (Pentawatt) 
L4921 (Minidip) 


These regulators are designed for automotive, in- 
dustrial and consumer applications where low 
consumption is particularly important. 

In battery backup and standby applications the low 
consumption of these devices extends battery life. 


OUTPUT 


EFERENCE 
AND 


BANOGAP 
R 
PREREGULATOR 


DUMP 
PROTECTION 


THERMAL 
PROTECTION 


February 1989 


ERROR 
AMPLIFIER 


i? 
CURRENT 


LIMITER 


$-7916/4 
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L4920/L4921 


ABSOLUTE MAXIMUM RATINGS 


a 


V, DC Input Voltage 35 
DC Reverse Input Voltage - 18 V 
Transient Input Overvoltages : 60 V 
Load Dump : V 
5MS < tise S$ 10Ms 
t+ Fall Time Constant = 100ms 
Rsource 2 0.5Q 
Field Decay : — 60 V 
5ms § ttan S$ 10Ms, Rsource 2 102 
tr Rise Time Constant = 33ms 


Ty, Tstg | Junction and Storage Temperature Range — 55 to 150 


PIN CONNECTIONS (top view) 


st COUT PUT 


4 


GROUND 


Ho connected to pin3 


TEST AND APPLICATION CIRCUIT 


GND REF, 


—_--—) 
S-7917 12 


C= 100pF is required for stability (ESR < 3Q over T range) 
R2 = 6.2KQ. 


THERMAL DATA 


Minidi 
aoa Pentawatt | unit 


Rth j-amb Thermal Resistance Junction-ambient 80 60 
Rth j-pins Thermal Resistance Junction-pins 15 
Rthj-case | Thermal Resistance Junction-case 3.5 


ee ee L577 SGS:THOMSON 
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L4920/L4921 


ELECTRICAL CHARACTERISTICS (forV, = 14.4V, T, = 25°C, V, = 5V, C, = 100uF, unless otherwise 
specified) 


[Symbot [Parameter [Test onaitions | win. | Typ. | Max 


Operating Input Vo 2 4.5V Vo + 0.7 26 V 
Voltage o = 400mA 
Vrer < Vo < 4.5V 5.2 26 V 
o> 400mA 
VREEF Reference Voltage 5.2V < V, < 26V 1.20 1.25 1.30 V 
5mA < |g < 400mA (*) 
AV 5 Line Regulation Vo +1V <V, < 26V Vo > 4.5V 1 1 
lo = 5mA 
AVo 


0 mvV/V 
F  AVo Load Regulation 5mA < I, < 400mA (*) Vo 2 4.5V 3 15 mvV/V 


Vp 
(*) 


Dropout Voltage 0.05 V 
0.4 
0.7 
Quiescent Current lp =OmA 
Vo + 1V <V, < 26V 2 
lo = 400mA (*) 


Vo+1V <V, < 26V 


ez) oo: 
on & Ph 
3 
> 


Maximal Output 
Current 
Short Circuit Output 


Current (*) 


*) Foldback protection 


ELECTRICAL CHARACTERISTICS (forV, = 14.4V ;- 40 <T, < 125°C (note 1), V, = 5V ; 
C, = 100uF, unless otherwise specified) 


Operating Input Vo 2 4.5V V 
Voltage lp = 400mA 


Vref S Vo < 4.5V 
lo = 400mA 
Reference Voltage 5.4V < V, < 26V 


Line Regulation Vo + 1.2V < V, < 26V Vo = 4.5V 
lo = 5mA 


(¢) 
Load Regulation SMA < Io $400MA (*) Vo > 4.5V 


lp = 400mMA 


lo =OmA 
Vo + 1.2V < V, < 26V 


! 
lo = 400mA (*) 
Vo + 1.2V < V, < 26V 


5.4 
1.17 


mV 


AV 


Short Circuit Output 
Current (*) 
(*) Foldback protection 


Note: 1 Design limits are guaranteed (but not 100% production tested) over the indicated temperature and supply voltage ranges 
These limits are not used to calculate outgoing quality levels. 


3/4 
keyg SGS-THOMSON — 
7 imcnoerecrnomes 

173 


L4920/L4921 


Figure 1 : Output Voltage vs. Temperature. 
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“40-20 O 20 40 60 80 100 Ty, (°C) 
Figure 3 : Quiescent Current vs. Output Current 
(Vo = 5V). 


400 Io(mA) 


APPLICATION INFORMATION 

1) The L4920 and L4921 have Vrer =1.25V. Then 
the output voltage can be sét down to Vrer but 
Vi must be greater than 5.2V (T, = 25°C). 

2) As the regulator reference voltage source works 
in closed loop, the reference voltage may change 
in foldback condition. 

3) For applications with high Vi, the total power 
dissipation of the device with respect to the ther- 


Figure 2 : Foldback Current Limiting. 
N88L4926-81 


PN WN fF UW A N 


mal resistance of the package may be limiting . The 
total power dissipation is : 

Ptot = Vi lq + (Vi 7 Vo) lo 
A typical curve giving the quiescent current Ig as a 
function of the output current Io is shown in fig. 3. 
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VERY LOW DROP REGULATOR WITH RESET 


» VERY LOW DROP (max. 0.9 V at 1 A) OVER 
FULL OPERATING TEMPERATURE RANGE 
(— 40 / + 125°C) 

» LOW QUIESCENT CURRENT (max 70 mA at 
1 A) OVER FULL T RANGE 

« PRECISE OUTPUT VOLTAGE (5 V + 4 %) 
OVER FULL T RANGE 

» POWER ON-OFF INFORMATION WITH SET- 
TABLE DELAY 

=» REVERSE BATTERY PROTECTION 

» SHORT CIRCUIT PROTECTION saeiaieee 

» THERMAL SHUTDOWN 

DESCRIPTION ORDERING NUMBER : L4922 


The L4922 is a high current monolithic voltage regu- 
lator with very low voltage drop (0.70 V max at 1A, 
Ty = 25 °C). 

The device is internally protected against load heating and output short circuit : thanks toted for the 
dumps transient of + 60V, reverse polarity, over- automotive and industrial applications. 


BLOCK DIAGRAM 


a C) OUT 
i. Z JON ANTI i 
PROT. START REF. 
SAT. 
OP. 
AMP. i 


reser 


O O 
GND RESET DELAY RESET OUTPUT 
N@BL4922-81 


October 1991 1/4 
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L4922 


ABSOLUTE MAXIMUM RATINGS 


Parameter 


DC Input Voltage 
DC Reverse Voltage 


Junction Temperature Range 
Operating Temperature Range 
Storage Temperature Range 


Note: The circuit is ESD protected according to MIL-STD-883C 


— 55 to 150 


THERMAL RESISTANCE 


Rth j-case 


Parameter 
Thermal Resistance Junction-case 


PIN CONNECTION (Top view) 


Tab connected to pin 3 


FUNCTIONAL DESCRIPTION 


The operating principle of the voltage regulator is 
based on the reference, the error amplifier, the 
driver and the power PNP. This stage uses an Iso- 
lated Collector Vertical PNP transistor which allows 
to obtain very low dropout voltage (typ. 450mV) and 
low quiescent current (la=20mA typically atlo = 1A). 


Thanks to these features the device is particularly 
suited when the power dissipation must be limited 
as, for example, in automotive or industrial applica- 
tions supplied by battery. 


The three gain stages (operational amplifier, 
driver and power PNP) require the external capaci- 
tor (Comin = 22uF) to guarantee the global stability 
of the system. 


OUTPUT 

RESET DELAY 
GND 

RESET OUTPUT 


INPUT 


N8E@L4AI2Z2Z2-G2 


The antisaturation circuit allows to reduce drastically 
the current peak which takes place during the start 
up. 

The reset function is LOW active when the output 
voltage level is lower than the reset threshold volt- 
age Vrthoer (typ. value : Vo— 150mV). When the out- 
put voltage is higher than Vrtnon the reset becomes 
HIGH after a dalay time settable with the external ca- 
pacitor Cg. Typically tg = 20ms, Cg = 0.1uF. The 
reset and delay threshold hysteresis improve the 
noise immunity allowing to avoid false switchings. 
The typical reset output waveform is shown in fig. 1. 
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L4922 


ELECTRICAL CHARACTERISTICS (Vj = 14. 4V, — 40°C < Ty < + 125°C unless otherwise specified) 


Output Voltage 


E 
°o 


Vi- Vo Dropout Voltage 


Lo Delay Comparator Threshold 


EXTERNAL COMPENSATION 


Since the purpose of a voltage regulator is to supply 
a fixed output voltage in spite of supply and load 
variations, the open loop gain of the regulator must 
be very high at low frequencies. This may cause in- 
stability as a result of the various poles present in 
the loop. To avoid this instability dominant pole 
compensation is used to reduce phase shifts due 
to other poles at the unity gain frequency. The lower 
the frequency of these other poles, the greater 
must be the capacitor used to create the dominant 
pole for the same DC gain. 


| Symbol | Parameter |__—Test Conditions | Min. | Typ. | Max. | _Unit_ 
Operating Input Voltage *) Note 1 


lo = OmA to 1A 
Ty = 25°C 


Line Regulation Vi=6 to 26V; Io = 10mA 


SVR Supply Voltage Rejection lo = 7O0MA 
f = 120HZ; Co = 47uF 
Vi = = 12Vdc + 5V op 


Load Regulation l= 10mA to 1A 
Ty = 25°C, lo = 1A Tas Pom 
Over Full T, l,= 1A 


Quiescent Current lb = 10mMA 
lo = 1A 


| Isc___| Short Circuit Current Pe ee 


oe Rset Output Saturation Voltage | 1.5V < Vo < Vat (off, IR = 1.6mA — A 
3V < Vo < Vat (on), IR = 8MA 0.40 V 
VAT peak Power On-Off Reset out Peak 1KQ Reset Pull-up to Vo 
Voltage 
Reset Output Leakage Current ‘i in Regul. 
high level) Vr = 5V 


Reset Pulse Delay Time Cp = 100nF a 
aS Power OFF V, Threshold Vo @ Reset out H to L 

Transition; Ty = 25°C 4.75 |V,—-015 
a < + 125°C 4.70 

Delay Capacitor Charging V4= 

Current (current generator) 

Power ON V, Threshold Vo @ Reset out L to H 

Transition 


Reset out = “1" H to L Transition 3. 
Reset out = “O" L to H Transition 3.7 
DelayComparatorHysteresis, | 


(*) Note 1 : The device is not operating within the range :26 V< V,<37V. 


Sa a 
is || Se |v 
4, 9 5.1 


ae ee ee ae 


aa = 
aa ad 


VithorF | Vo- 
+0.03V} 0.04V 


00 av 


Where the output transistor is a lateral PNP type 
there is a pole in the regulation loop at a frequency 
too low to be compensated by a capacitor wich can 
be integrated. An external compensation is there- 
fore necessary so a very high value capacitor must 
be connected from the output to ground. 

The parassitic equivalent series resistance of the 
Capacitor used adds a zero to the regulation loop. 
This zero may compromise the stability of the sys- 
tem since its effect tends to cancel the effect of the 
pole added. In regulators this ESR must be less than 
3Q and the minimum capacitor value is 47uUF. 
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Figure 1 : Typical Reset Output Waveform. 


N8EGL4922-83 


Figure 2 : Typical Application Circuit. 


RESET DELAY 


N&EL 4922-84 


(*) RECOMMENDED VALUE : Co = 47 uF, ESR < 10 ohm, (lout > 10 mA) OVER FULL Trange. 
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9V—-1A VERY LOW DROP REGULATOR 
WITH RESET AND INHIBIT 


n VERY LOW DROP (max. 0.9V at 1A) OVER 
FULL OPERATING TEMPERATURE RANGE 
(— 40 / + 125 °C) 

» LOW QUIESCENT CURRENT (max 70 mA at 
1 A) OVER FULL T RANGE 

» PRECISE OUTPUT VOLTAGE (5V + 4%) OVER 
FULL T RANGE 

» POWER ON-OFF INFORMATION WITH SET- 
TABLE DELAY 

» INHIBIT FOR REMOTE ON-OFF COMMAND 
(active high) 

» LOAD STANDBY CURRENT 

s LOAD DUMP AND REVERSE BATTERY PRO- 
TECTION 

a SHORT CIRCUIT PROTECTION 

» THERMAL SHUTDOWN 


DESCRIPTION 


The L4923 is a high current monolithic voltage regu- 
lator with very low voltage drop (0.70 V max at 1A, 
Ty = 25 °C). 


BLOCK DIAGRAM 


Heptawatt 
ORDERING NUMBER : L4923 


The device is internally protected against load 
dumps transient of + 60 V, input overvoltage, 
reverse polarity, overheating and output short circuit 
: thanks to these features the L4923 is very suited 
for the automotive and industrial applications. 


The reset function is very useful for power off and 
power on information when supplying a micropro- 
cessor. 


The inhibit function reduces drastically the con- 
sumption when no load current is required : typically 
the standby current value is 300 LA. 


7 


. i START REF. 


INHIBIT 
INPUT 


() 
GND N8EEL4923-61 


October 1991 
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ABSOLUTE MAXIMUM RATINGS 


unit 
[Vp | Postve Load Dump Protecion @=a00me) ———SC~dCi‘“‘~SCSSSC*C*‘dt;#=S‘N 
ow 

os 


Junction Temperature Range — 40 to 150 C 
Operating Temperature Range — 40 to 125 °C 
— 55 to 150 


Storage Temperature Range °C 


Note: The circuit is ESD protected according to MIL-STD-883C 


THERMAL RESISTANCE 


Thermal Resistance Junction-case Max 


PIN CONNECTION 


OUT 

DELAY CAPACITORS 
N.C. 

GND 

INHIBIT 

RESET OUT 

INPUT 


TAB CONNECTED TO PIN 4 N8EL4AGIG2Z3-B2 


Figure 1 : Application Circuit. 


RESET DELAY 


™ MNEEGL4923-G4A 


(*) RECOMMENDED VALUE : Cp = 47 uF, ESR < 10 Q, (lout > 10 MA) OVER FULL Trange. 
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ELECTRICAL CHARACTERISTICS (V, = 14. 4V, -— 40°C < Ty < + 125°C unless otherwise specified) 


| symbol | Parameter | TestConditions —|_Min. | Typ. | Max. | Unit_ 
| Vi | Operating input Voltage | (‘)Notet | TT | 


Vo Output Voltage lo = OMA to 1A 4.8 5.2 V 
Ty = 25°C 4.9 5.1 V 


Vie 6to26V; lo=1omA | | 5 | 5 | mv 


SVR Supply Voltage Rejection lo = 700MA 55 
f = 120HZ; Co = 47uF 
= 12V de + 5Von 


| AVioao | LoadReguiation | l= 10mAtotA | Tt | 50 mv 
Moo | Oropoutvotage fe 25G, ton tA __1__oas | 070 |v 
-OverFulT. lost ____}__1__| 9.80. 


Quiescent Current lo = fom. 


l=1A 
Active High Inhibit 


0.3 0.65 
| lsc | Short Circuit Curent | | 
50 


SVR Supply Volt. Rej. lo = 350mA ; f = 120Hz 
= 100uF ; Vi = 12V + 5Vpp 


: ek Rae OE Rat 
Rset Output Saturation Voltage | 1.5V < Vo < Vat off, IR = 1.6mMA 0.40 V 
3V < Vo < Vat (oft), IR = BMA 0.40 V 
VAT peak Power On-Off Reset out Peak | 1KQ Reset Pull-up to Vo 0.65 1.0 V 
Voltage 
Reset Output Leakage Current | Vo in Regul. 50 uA 
(high level) Vea =5V 
| tps :- Reset Pulse Delay Time Cp = 100nF rf 20 | mss 
= Power OFF V> Threshold Vo @ Reset out H to L 
Transition; Ty = 25°C 4.75 |Vo—-015 
— 40°C < Ty < + 125°C 4.7 
Delay Capacitor Charging Ve = 3V 
Current (current generator 
VRthON Power ON Vp Threshold Vo @ Reset out L to H VithorF | Vo - 
Transition +0.03V| 0.04V 
Delay Comparator Threshold Reset out = “1" H to L Transition 2 ee 3.8 | ye] 
Reset out = “O" L to H Transition | 37 | 4 | 4.4 | oy | 
| Ven | | 500 | |v 


Mae 
m 


Low Level Inhibit Current Vinh = 0.4V 
(*) Note 1 : The device !s not operating within the range . 26 V < V, < 37 V. 


EXTERNAL COMPENSATION Where the output transistor is a lateral PNP type 


Since the purpose of a voltage regulator is to supply there is a pole in the regulation loop ata frequency 
a fixed output voltage in spite of supply and load too low to be compensated by a capacitor wich can 
variations, the open loop gain of the regulator must be integrated. An external compensation is there- 
be very high at low frequencies. This may causein- fore necessary so a very high value capacitor must 
stability as a result of the various poles present in 9 connected from the output to ground. 

the loop. To avoid this instability dominant pole The parassitic equivalent series resistance of the 
compensation is used to reduce phase shifts due Capacitor used adds a zero to the regulation loop. 
to other poles atthe unity gainfrequency. Thelower _‘This zero may compromise the stability of the sys- 
the frequency of these other poles, the greater tem since its effect tends to cancel the effect of the 
must be the capacitor used to create the dominant Pole added. In regulators this ESR must be less than 
pole for the same DC gain. 3Q and the minimum capacitor value is 47uF. 


V 

| Delay Comparator Hysteresis | Y 

View | LowinhibitVotage | er ee 
a eee a rr re Vv 
A 

LA 


| 3.8 | 
aa 
2.0 ie oan 
=a 
Peo || 
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FUNCTIONAL DESCRIPTION 


The operating principle of the voltage regulator is 
based on the reference, the error amplifier, the 
driver and the power PNP. This stage uses an Iso- 
lated Collector Vertical PNP transistor which allows 
to obtain very low dropout voltage (typ. 450 mV) and 
low quiescent current (lq = 20 mA typically at 
lo=1A). 


Thanks to these features the device is particularly 
suited when the power dissipation must be limited 
as, for example, in automotive or industrial applica- 
tions supplied by battery. 


The three gain stages (operational amplifier, driver 
and power PNP) require the external capacitor 
(Comin = 22 UF) to guarantee the global stability of 
the system. 


The antisaturation circuit allows to reduce drastically 
the current peak which takes place during the start 


up. 
Figure 2 : Typical Reset Output Waveform. 


Urtoff 


The reset function is LOW active when the output 
voltage level is lower than the reset threshold volt- 
age Vrth (typ. value : Vo - 150 mV). When the output 
voltage is higher than Vrin the reset becomes HIGH 
after a delay time settable with the external capacitor 
Ca. Typically tg = 20 ms, Ca=0.1 uF. The reset thre- 
shold hysteresis improves the noise immunity allow- 
ing to avoid false switchings. The typical reset output 
waveform is shown in fig. 2. 


The inhibit circuit accepts standard TTL input le- 
vels : this block switches off the voltage regulator 
when the input signal is HIGH and switches on it 
when the input signal is LOW. Thanks to inhibit func- 
tion the consumption is drastically reduced (650 pA 
max) when no load current is required. 


N8BL4923-83 
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VERY LOW DROP VOLTAGE REGULATOR 


PRODUCT PREVIEW 


OPERATING DC SUPPLY VOLTAGE RANGE 

5V TO 28V 

a TRANSIENT SUPPLY VOLTAGE UP TO 40V 

s EXTREMELY LOW QUIESCENT CURRENT 
IN STANDBY MODE 

a HIGH PRECISION STANDBY OUTPUT VOLT- 
AGE: 5V+1% 

n OUTPUT CURRENT CAPABILITY UP TO 
500mA 

» VERY LOW DROPOUT VOLTAGE LESS 
THAN 0.6V 

» RESET CIRCUIT SENSING THE OUTPUT 
VOLTAGE ORDERING NUMBER: L4925 , 

s PROGRAMMABLE RESET PULSE DELAY 
WITH EXTERNAL CAPACITOR 

x» THERMAL SHUTDOWN AND SHORT CIR- regulator with a very low dropout output and addi- 
CUIT PROTECTIONS tional functions such as power-on reset and pro- 

DESCRIPTION grammable reset delay time. It is designed for 


oe supplying microcomputer controlled systems es- 
The L4925 is a monolithic integrated 5V voltage pecially in automotive applications. 


Pentawatt 


BLOCK DIAGRAM 


pa PREREGULATOR 7U ree, 
SSS 6b VOUT 


= 


REF 1.23 


MN92L4925-81 
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ABSOLUTE MAXIMUM RATINGS 


Se ee 
oon oe eS NR SA 
2 ee 
| Vo | OutputVotage 
| Vacs | OutputVotage 
| tres | Outputcurrent ma 


NOTE: 


The circuit is ESD protected according to MIL-STD-883C. According to ISO/DIS 7637 the transients must be clamped with external circuitry 
(see Application Circuit). 


CONNECTION DIAGRAM 


Tab connected to pin 3 


N92L4925-82A 


THERMAL DATA 
| Symbol [| Parameter Tale Unit 


Rth j-amb Thermal resistance junction to ambient max. 60 °C/W 
Rthj-case Thermal resistance junction to case max. 3.5 °C/W 
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ELECTRICAL CHARACTERISTICS (Vs =14V Tj =—40 to 125°C unless otherwise specified; 


| Symbol | Parameter | Test Condition __—_—|_Min. | Typ. | Max. | Unit _| 
T= 25 °C; lo = 1mA 


Vo Output Voltage Vi = 35V; T <1S; 5.50 V 
lo=1 to 500mA 


Vop Dropout Voltage lo = 100mA 0.2 0.3 V 
lo = 500mA 0.3 0.6 V 
Vio Input to Output Voltage Vi = 4V; lo = 100mMA 0.5 V 
Difference in Undervoltage 
Condition 


Line Regulation Vi = 6 to 28V; lo=1 to 1mA a ene ee ae 
Load Regulation lo = 1 to 500mA 


eee SR Re ae 

Vo = 0; Foldback characteristic 250 mA 
| tase _| QuiescentCurrent | lo=0.3mA—— —“(tst*—“s*é‘“‘LSSSCédT;=sCét50:*|_ 250 '| A 
| la | QuiescentCurrent | lo =500mA— eC“ ts—é‘dLC“(;SCSsdT(CS—SC*idL:Co2' || ma 


RESET 


| Symbol | _—Parameter__—|__—Test Condition |_min. | Typ. | Max. | unit _| 


Delay Comparator Threshold 


Voetth hy Delay Comparator Threshold 
Hysteresis 


APPLICATION CIRCUIT DIAGRAM 


| Var __| ResetThresholdVoltage ss | ——i—‘“‘CSC*dT Cd oc | 
Cr= 100nF; ta > 100ys | 60 | 100 
| tan _| ResetReactionTime =| Cr=toonF; Ss (dT S| | 80 | ps 
Racs=10KQtoVo;Vs=23v | | |. 
Ml ceo hin 

Current 4 


~~ 


es PREREGULATOR 7U = 


NG2L43925-83 


For stability: Cs > 1unF; Co > 10uUF;ESR < 10Q at 10 KHz 
Recommended for application: Cs =Co = 10uF to 100uF 
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APPLICATIN NOTE 
SUPPLY VOLTAGE TRANSIENTS 


High supply voltage transients can cause a reset 
output signal disturbation. 


For supply voltage greater than 8V the circuit 
shows a high immunity of the reset output against 
supply transients of more than 100V/us. 


For supply voltage lower than 8V, supply tran- 
sients of more than 0.4V/us. can cause a reset 
signal disturbation. 


FUNCTIONAL DESCRIPTION 


The L4925 is a monolithic integrated voltage 
regulator, based on the STM modular voltage 
regulator approach. Several outstanding features 
and auxiliary functions are implemented to meet 
the requirements of supplying microprocessor 
systems in automotive applications. 


Nevetrheless, it is suitable also in other applica- 
tions where the present functions are required. 
The modular approach of this device allows to get 
easily also other features and functions when re- 
quired. 

VOLTAGE REGULATOR 

The voltage regulator uses an Isolated Collector 
Vertical PNP transistor as a regulating element. 
With this structure very low dropout voltage at 
currents up to 500mA is obtained. 


Figure 1: Output Voltage vs. Input Voltage 


—> 
N92L 4925-85A Us 
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Foldback Characteristics Of Vo 


N392L4925-64 


eee REeRes 
FeRREeZ eee 
Pee Se eee es 
cae eee 
REM EREES 


pa Tout(mA) 1886 


The dropout operation of the standby regulator is 
maintained down to 3V input supply voltage. The 
output voltage is regulated up to the transient 
input supply voltage of 35V. With this feature no 
functional interruption due to overvoltage pulses 
is generated. 


The typical curve showing the standby output 
voltage as a function of the input supply voltage is 
shown in fig. 1. 

The current consumption of the device (quiescent 
current) is less than 250u/A. 

To reduce the quiescent current peak in the 
undervoltage region and to improve the transient 
response in this region, the dropout voltage is 
controlled. 


The quiescent current as a function of the supply 
input voltage is shown in fig. 2. 


Figure 2: Quiescent Current vs. Supply Voltage 


R L=1882 


28U 


—P 
Us N92L4925-86 


ky SGS-THOMSON 


MICROELECTRONICS 


186 


RESET CIRCUIT 


The block circuit diagram of the reset circuit is 
shown in Figure 3. The reset circuit Supervises 
the output voltage. The reset threshold of 4.5V is 
defined with the internal reference voltage and 
standby output divider. 


The reset pulse delay time trp, is defined with the 
charge time of an external capacitor Cr: 


Cr x 2V 
=. 


tr uA 


Figure 3 


L4925 


The reaction time of the reset circuit originates 
from the discharge time limitation of the reset ca- 
pacitor Cry and it is proportional to the value of Cr. 


The reaction time of the reset circuit increases the 
noise immunity.Standby output voltage drops 
below the reset threshold only a bit longer than 
the reaction time results in a shorter reset delay 
time. The nominal reset delay time will be gener- 
ated for standby output voltage drops longer than 
approximately 50us. The typical reset output 
waveforms are shown in Figure 4. 


MIZL4925-O7A 


Figure 4 


VINPUT 


ERR tRD 


SWITCH ON INPUT DROP 


| pup | ouTPUT OVERLOAD | SUITCH OFF | 
N32L4925-88A 
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L4936 
L4938 


DUAL MULTIFUNCTION VOLTAGE REGULATOR 


ADVANCE DATA 


us STANDBY OUTPUT VOLTAGE PRECISION 5V 
+ 2% 

mw OUTPUT 2 TRACKED TO THE STANDBY OUT- 
PUT 

ms OUTPUT 2 DISABLE FUNCTION FOR 
STANDBY MODE 

a VERY LOW QUIESCENT CURRENT, LESS 
THAN 250nA, IN STANDBY MODE 

a OUTPUT 2 VOLTAGE SETTABLE FROM 5 TO 
20V 

a» OUTPUT CURRENTS: lot = 50mA, loz = 500mA 

a VERY LOW DROPOUT (max 0.4V/0.6V) 

a» OPERATING TRANSIENT SUPPLY VOLTAGE 
UP TO 40V 

a» POWER-ON RESET CIRCUIT SENSING THE 
STANDBY OUTPUT VOLTAGE 

a POWER-ON RESET DELAY PULSE DEFINED 
BY THE EXTERNAL CAPACITOR 

» EARLY WARNING OUTPUT FOR SUPPLY 
UNDERVOLTAGE 

a THERMAL SHUTDOWNAND SHORT CIRCUIT 
PROTECTIONS 


Multiwatt 11 Powerdip (12+2+2) 


ORDERING NUMBERS: L4936 (Multiwatt—11) 
L4938 (Powerdip 12+2+2) 


DESCRIPTION 


The L4936/38 are monolithic integrated dual voltage 
regulators with two very low dropout outputs and ad- 
ditional functions such as power-on reset and input 
voltage sense. They are designed for supplying 
microcomputer controlled systems specially in auto- 


motive applications. 


PIN CONNECTIONS (top view) 


Vo2 
ADJ 
Vol 
so 
RES 
GND 
EN 
CT 
N.C. 
SI 
Us 


N3SZL4938-81 


TAB CONNECTED TO PIN 6 N92L 4936-82 


(Powerdip 12+2+2) 


(Multiwatt—1 1) 
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BLOCK DIAGRAM 


SENSE 
(optional) 


N92L4936-04 


Note 1: For L4938, Vs is splitted as follouw: 
UsiePINiS=Output 1 supply 
Us2=PIN14-.Output 2 supply 


THERMAL DATA 


Thermal Resistance Junction - case (MW11) 


Thermal Resistance Junction Ambient 
(power DIP 12 + 2 + 2) 


Note 1: For L4938, Vs is splitted as follow: 
Vs; = Pin 15 = Output 1 Supply 
Vs2 = Pin 14 = Output 2 Supply 
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ABSOLUTE MAXIMUM RATINGS 


v 

i oe od Transient Supply Voltage (T < 1S) 

Sense Input Current (Vs; < — 0.8V or Vs; > Vs) 
mW 


Power Dissipation (Ta = 80°C, Rth heatsink = 11°C/AW) MW11 5 
Power DIP 12+2+2 1166 


Note : The circuit is ESD protected according to MIL-STD-883C. 


APPLICATION CIRCUIT 


SENSE 
(optional) 


N92L4936-85 


Cs > 1pF ; Co: > GuF ; Ce > 10uF, ESR < 102 at 10KHz 
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Vppe2 Dropout Voltage 2 loz = 100mA 
lo2 = 500mA 


Input to Output Voltage 
Difference in Undervoltage 
Condition 


V 
V 
V 


Vs = 4.6V,loe2 = 350mA 


6V < Vs < 25V 
loi = 1mA, lo2 =5mA 


<= 
° 
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ELECTRICAL CHARACTERISTICS (Vz = 14V ;-— 40°C < Ty < 125°C unless otherwise specified) 
arabe |____-Parameter__—|_—Test Conditions |_Min. | Typ. | Max. | Unit_| 
Standby Output Voltage 6V < = < OV 4.90 5.00 5.10 
ImA < lo; < 50mA 
(note 1) 5mA < loz < 500mA 
Enable = LOW 
VoP1 Dropout Voltage 1 loi = 10MA 0.1 . 
lo1 =50mA 0.2 
Vio1 Input to Output Voltage Vs =4V, lo1 =35mA 
Difference in Undervoltage 
Condition 
100 200 
50 100 
lass Quiescent Current Standby loi =0.38mA ; Ty < 100°C 
Vs = 14V 150 250 
Vs =3.5V 300 800 
ENABLE 
Enable Input HIGH Voltage p24 | | 7 | 
Enable Hysteresis ee 


Voz - Voi | Output Voltage 2 Tracking Error] 6V < Vs< 25V ie 
ADJ Input Current lor =1mA;loz=5mA_— | -1 | of | 1 | 
0.2 ie 
0.3 
Ioimt Current Limit 1 Voi =4.5V 
Vo1 = OV (note 2) 
1000 1500 
Mode (output 2 disabled) Ven 2 2.4V 
Quiescent Current lo1 = 50mA 
lo2 = 500mA 
VENL Enable Input LOW Voltage 
(output 2 active) 
Enable Input Current OV < Ven < 1.2V - = : 5 — 0.5 
2.5V< Ven < 7V + 1 
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RESET 


Reset Threshold Hysteresis 


Delay Comparator Threshold 


Votth, hyst | Delay Comparator Threshold 
Hysteresis 


SENSE 


[Symal [Parameter [Fest conons [win [ yo. [ wax. [oni 


es 
[Reset Reacion time | cre tone ———~dY 1 ~~ sto 80 | 


Reset Output LOW Voltage Rres = 10KQ to Vo; 
Vs =8V 


i Sense Output LOW Voltage Vs; =0.8V ;Vs => 3V 
Rso = 10KQ to Vo; 


Sense Output Leakage Vso =5V 3 Vegi > 1.5V 


L4936 - L4938 


p50 | t00 | 200 | mv _| 


mi meLss 
| uA | 


200 


Note : 1: Voz connected to ADJ Voz can be set to higher values by inserting an external resistor divider. 


2° Foldback characteristic 


FUNCTIONAL DESCRIPTION 


The L4936/8 are based on the SGS-THOMSON 
Microelectronics modular voltage regulator ap- 
proach. Several out-standing features and auxiliary 
functions are provided to meet the requirements of 
supplying the microprocessor systems used in auto- 
motive applications. 


Furthermore the device is suitable also in other ap- 
plications requiring two stabilized voltages. 


The modular approach allows other features and 
functions to be realized easily when required. 


STANDBY REGULATOR 


The standby regulator uses an Isolated Collector 
Vertical PNP transistor as the regulating element. 
This structure allows a very low dropout voltage at 
currents up to 50mA. The dropout operation of the 
standby regulator is maintained down to 2V input 
supply voltage. The output voltage is regulated up 
to the transient input supply voltage of 40V. This fea- 
ture avoids functional interruptions which could be 
generated by overvoltage pulses. 


The typical curve of the standby output voltage as a 
function of the input supply voltage is shown in fig. 1. 


The current consumption of the device (quiescent 
current) is less than 250uA when output 2 is dis- 
abled (standby mode). The dropout voltage is con- 
trolled to reduce the quiescent current peak in the 
undervoltage region and to improve the transient 
response in this region. 


The quiescent current is shown in fig. 2 as a function 
of the supply input voltage 2. 


OUTPUT 2 VOLTAGE 


The output 2 regulator uses the same output struc- 
ture as the standby regulator, but rated for an output 
current of 500mA. 


The output 2 regulator works in tracking mode with 
the standby output voltage as a reference voltage 
when the output 2 programming pin ADJ is con- 
nected to Voz. By connecting a resistor divider R41, 
R2 to the pin ADJ as shown in fig. 3, the output volt- 
age 2 can be programmed to the value : 


Voz = Vor (1 + Ri/Re) 


The output 2 regulator can be switched off via the 
Enable input. 
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L4936 - L4938 


Figure 1 : Output Voltage vs. Input Voltage. 


JU 16U  25U r 
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Figure 2 : Quiescent Current vs. Supply Voltage. 


OUT2=6VU 


OUT2 DISABLED 
RL=16KQ 


16 
N92L4936-88 
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RESET CIRCUIT 


The block circuit diagram of the reset circuit is shown 
in fig. 4. The reset circuit supervises the standby out- 
put voltage. The reset threshold of 4.7V is defined 
by the internal reference voltage and the standby 
output divider. 


The reset pulse delay time trp, is defined by the 
charge time of an external capacitor Cr : 


Cr x 2V 
tRD = 2uA 


The reaction time of the reset circuit depends on the 


discharge time limitation of the reset capacitor Ct 
and is proportional to the value of Cr. 


The reaction time of the reset circuit increases the 
noise immunity. In fact, if the standby output voltage 


Figure 4 :Block Diagram of the Reset Circuit. 


REF 1,23V 


L4936 - L4938 


drops below the reset threshold for a time shorter 
than the reaction time trRr, no reset output variation 
occurs. The nominal reset delay is generated for 
standby output voltage drops longer than the time 
necessary for the complete discharging of the capa- 
citor Cr. This time is typically equal to 50us if Cr 
= 100nF. The typical reset output waveforms are 
shown in fig. 5. 


SENSE COMPARATOR 


This circuit compares an input signal with an internal 
voltage reference of typically 1.23V. The use of an 
external voltage divider makes the comparator very 
flexible in the application. This function can be used 
to supervise the input voltage - either before or after 
the protection diode - and to give additional informa- 
tion to the microprocessor such as low voltage warn- 
ings. 


MN92L4936-86 
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L4936 - L4938 


Figure 5 : Typical Reset Output Waveforms. 


UINPUT 


VRT+@.2VU 


:tRD: 


> + <> 
tRR 
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heyy SGS-THONMSON 
A wicrozectRoMcs L4937 


DUAL MULTIFUNCTION VOLTAGE REGULATOR 


ADVANCE DATA 


a STANDBY OUTPUT VOLTAGE PRECISION 5V 
+ 2% 

a OUTPUT 2 TRACKED TO THE STANDBY OUT- 
PUT 

xe OUTPUT 2 DISABLE FUNCTION FOR 
STANDBY MODE 

» VERY LOW QUIESCENT CURRENT, LESS j 
THAN 250u/A, IN STANDBY MODE Heptawatt 

a» VERY LOW DROPOUT (max 0.4V/0.6V) 

a OPERATING TRANSIENT SUPPLY VOLTAGE 


UP TO 40V DESCRIPTION 
» POWER-ON RESET CIRCUIT SENSING THE The L4937 is a monolithic integrated dual voltage 
STANDBY OUTPUT VOLTAGE regulators with two very low dropout outputs and ad- 
» POWER-ON RESET DELAY PULSE DEFINED ditional functions such as power-on reset and input 
BY THE EXTERNAL CAPACITOR voltage sense. It is designed for supplying micro- 
a THERMAL SHUTDOWN AND SHORT CIRCUIT computer controlled systems specially in automo- 
PROTECTIONS tive applications. 


PIN CONNECTION (top view) 


NI2ZL4AGS7-B2 
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BLOCK DIAGRAM 


N92L4937-61 


THERMAL DATA 


Thermal Resistance Junction-case Max 


2/7 GSs- 
Fn Crs 
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ABSOLUTE MAXIMUM RATINGS 


Symbol] —~S~*~<“~*~*~i arate SS™~*~dSCSC*‘“~*‘ USC 
Vs D.C. Supply Voltage 28 V 
Transient Supply Voltage (T < 1s) 40 V 

Junction and Storage Temperature Range — 55 to 150 


Enable Input Current (Ven < — 0.3V) 


Note : The circuit is ESD protected according to MIL-STD-883C 


APPLICATION CIRCUIT 


N32L 4337-83 


Cs 2 1mF ; Cor = 6uF ; Co2 > 10uF, ESR < 10Q at 10KHz 


{j7 SGS-THOMSON a eee ee ee 
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L4937 : 


ELECTRICAL CHARACTERISTICS (Vz = 14V ; — 40°C <T, < 125°C unless otherwise specified). 


Parameter Test Conditions 
Operating Supply Voltage | 
Standby Output Voltage T, = 25°C ;lo1 =1mA 


Standby Output Voltage 6V < Vs s 25V 4.90 
1mA < lo; < 50mMA 
— 25 


Output Voltage 2 Tracking Error} 6V < Vs < 25V 
(note1) 5mA < lo2 < 500mA 
Enable = LOW 


VoppP1 Dropout Voltage 1 lo1 = 10mA 
lor =50mA 


Input to output Voltage Vs =4V, lo1 =35mA 
Difference in Undervoltage 
Condition 


Vopp2 Dropout Voltage 2 loo = 100mMA 
loo = 500mA 


Vio2 Input to output Voltage Vs =4.6V,lo2= 350MA 
Difference in Undervoltage 
Condition 
Vor1 2 | Line Regulation 6V < Vs < 25V 
loi = 1MA, loo =5mA 


Load Regulation 1 1mA < lo; < 50mA 
Load Regulation 2 5mA < los < 500mA 


beim Current Limit 1 Voi =4.5V 
Voi = OV (note2) 


less Quiescent Current Standby lor =0.3mA ; T, < 100°C 
Mode (output 2 disabled) Ven 2 2.4V 
Vs =14V 
Vs =3.5V 


ENABLE 


Symbol Test Conditions 


VENL Enable Input LOW Voltage 
(output 2 active 


Enable Input HIGH Voltage 
Enable Hysteresis 


Enable Input Current 


4/7 fy, SGS-THOMSON 
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RESET 


Reset Threshold Hysteresis 


Delay Comparator Threshold 


[Symbot [Parameter [rest Goons Twin. [Tyo [wax 


Le Reset Low Threshold Voltage Vs = 14V 


ec a ee 
Passe Reason ine [cr=tooe | sso [50 | ys 


Reset Output LOW Voltage Rres = 10KQ to Vo; 0.4 
Vs > 3V 


Votth, hyst | Delay Comparator Threshold 100 
Hysteresis 


L4937 


V 


po 50} 400 | 200 | mv 


aan See Ba 


Note: 1 Voeconnected to ADJ Voz can be set to higher values by inserting an external resistor divider. 


2 Foldback characteristic 


FUNCTIONAL DESCRIPTION 


The L4937 is based on the SGS-THOMSON Micro- 
electronics modular voltage regulator approach. 
Several out-standing features and auxiliary func- 
tions are provided to meet the requirements of sup- 
plying the microprocessor systems used in automo- 
tive applications. 


Furthermore the device is suitable also in other ap- 
plications requiring two stabilized voltages. 


The modular approach allows other features and 
functions to be realized easily when required. 


STANDBY REGULATOR 


The standby regulator uses an Isolated Collector 
Vertical PNP transistor as the regulating element. 
This structure allows a very low dropout voltage at 
currents up to 50mA. The dropout operation of the 
standby regulator is maintained down to 2V input 
supply voltage. The output voltage is regulated up 
to the transient input supply voltage of 40V. This fea- 
ture avoids functional interruptions which could be 
generated by overvoltage pulses. 


The typical curve of the standby output voltage as 
a functicn of the input supply voltage is shown in fig. 
le 


The current consumption of the device (quiescent 
current) is less than 250uA when output 2 is dis- 
abled (standby mode). The dropout voltage is con- 
trolled to reduce the quiescent current peak in the 
undervoltage region and to improve the transient 
response in this region. 


The quiescent current is shown in fig. 2 as a function 
of the supply input voltage 2. 


OUTPUT 2 VOLTAGE 


The output 2 regulator uses the same output struc- 
ture as the standby regulator, but rated for an output 
current of 5S00mA. 


The output 2 regulator works in tracking mode with 
the standby output voltage as a reference voltage. 


The output 2 regulator can be switched off via the 
Enable input. 


(7 SGS-THOMSON ee 
s/f MICROELECTRONICS 
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L4937 


Figure 1 : Output Voltage vs. Input Voltage. 


10) 


Figure 2 : Quiescent Current vs. Supply Voltage. 


OUT2-@6V 


RESET CIRCUIT 


The block circuit diagram of the reset circuit is shown 
in fig. 3. The reset circuit supervises the standby out- 
put voltage. The reset threshold of 4.7V is defined 
by the internal reference voltage and the standby 
output divider. 


The reset pulse delay time trp, is defined by the 
charge time of an external capacitor Cr : 


16U 25VU 
Us 


NI2ZL4AIG7-G4 


OUT2 DISABLED 
RL=16KQ 


16 
N92L 4937-85 


The reaction time of the reset circuit depends on the 
discharge time limitation of the reset capacitor Cr 
and is proportional to the value of Cr. 


The reaction time of the reset circuit increases the 
noise immunity. In fact, if the standby output voltage 
drops below the reset threshold for a time shorter 
than the reaction time tar, no reset output variation 
occurs. The nominal reset delay is generated for 
standby output voltage drops longer than the time 
necessary for the complete discharging of the capa- 


Cr x 2V citor Cr. This time is typically equal to 50us if Cr = 
IRD = On1A 100nF. The typical reset output waveforms are 
Le a 
shown in fig. 
Gi7 kyz_ SGS-THOMSON 
7 mcromecrmomes 
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Figure 3 : Block Diagram of the Reset Circuit. 


REF 1.23U 


aa 2.U 


N92Z2L4937-G6 


Figure 4 : Typical Reset Output Waveforms. 


VINPUT 


URT+@.2VU 


-tRD: 


CRR 
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SGS-THOMSON 
MICROELECTRONICS L4939 


DUAL MULTIFUNCTION 5V VOLTAGE REGULATOR 


ADVANCE DATA 


50mA STANDBY AND 80mA SWITCHED 5V 
OUTPUTS 

LOW DROPOUT (LESS THAN 600mV) 
CURRENT LIMITING CIRCUITRY 
ANTI-SATURATION CIRCUITRY 
PROGRAMMABLE DELAY RESET FUNC- 
TION 

LOW BATTERY SHUTDOWN FOR STANDBY 
REGULATOR 

COMPARATOR TO TRANSLATE BATTERY 
REFERENCED SIGNAL TO CMOS LOGIC 
LEVEL OUTPUT 

IGNITION SENSE COMPARATOR WITH 
CMOS LOGIC LEVEL OUTPUT 

LESS THAN 600uA QUIESCENT CURRENT 
IN STANDBY MODE 

50V LOAD DUMP PROTECTED 

100 x CURRENT MULTIPLIER FUNCTION 


BLOCK DIAGRAM 


OUT 1 
© 


OUT1 OUT1 


<i 


4.25 ™ 
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POWERDIP 12+2+2 


ORDERING NUMBER: L4939 


DESCRIPTION 


The L4939 is a monolithic integrated 5V dual volt- 
age regulator with data transmission and ignition 
sense functions. 


OUT2 


OUT2 
ENABLE 
CURRENT 
IN 


1 CURRENT 
OUT 


=e 000 
aie L4939 
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ABSOLUTE MAXIMUM RATINGS 


| Symbol _| Parameter Value | Unit _| 


DC Supply Voltage -14 to 26 
Data In Voltage (pin 3 0.7 to Veat + 0.5 
V (16) Ignition (pin 16) ( with a 1K min. series resistance) -14 to 26 


Power Dissipation derate at (40°C/W; Tamb = 85°C) 
Tin Temes 
Storage Temperature -65 to 150 


PIN CONNECTION (top view) 


Ubat IGN 
OUT14 OUT2 
DATA IN OUT2 ENABLE 
GND GND 
GND GND 
DATA QUT IGN OUT 
CRST CURR IN 
RESET CURR OUT 


N92Z2L49G99-82A 


THERMAL DATA 
| Symbol Parameter | Value | Unit _| 
Rth j-case Thermal Resistance Junction-case max. °C/W 


PIN FUNCTIONS 


| Name | Fumction 
Supply input from car battery 


OUT 1 Standby 5V supply output 


Data comparator output to micro 
Reset capacitor for controlling reset dela 
Reset output 


OUT 2 


16 IGN Ignition control input from car wiring 


f SGS-THO 
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ELECTRICAL CHARACTERISTICS (Vat and IGN pins = 9 to 18VDC; Tamb = -40 to 85°; unless other- 
wise specified.) 


| Symbol | _____—Parameter__—| Pin | ___—TestCondition | _Min. | Typ | Max. | Unit_ 


Y 
Vot=4.75Viloun=5omA | 4.15 | | |v 
| | LineRegulation | 2 | Vea 6210 16Vitours =50MA| ||| mv 


Load Regulation 2 | Vbat= 6.2, 11 & 18V; —— 40 mV 
lout: = 0.5 to 50mA 

Current Limit Vbat= 16V; Vouti = 3V; 250 mA 
measure louT1 


. 


| Voz | Output VoltageON | 15 | loure= 80mA; Vear=9to16V | 4.75 | 5.00 | 5.25 | vi | 
Output Voltage OFF 15 | No Load on Out2; 150 mV 
Out 2 Enable = OV 


te 2. | Vot=4.75V loure=80mA | 415 | | | Vv | 
|| Line Regulation 18 [iee=8210 16 tae=tona [| ao [| 


Load Regulation 15 Vas 62. 11& 18V: 
lout2 = 0.5 to 80mA 
Current Limit 15 | Vbat= 16V, Vout2 = 3V; 
measure louT2 
Enable ON Current 14 Out2 Enable = Vout1; 
measure |(oUT2 ENAB) 
Quiescent Current Data IN = Vbat = Current out 
= 12.6V lout: = 500A; 
Out2 Enable = 0; Ign = 0 


Reset Vo Low gees Voat = 3.75V a 
Data Comparator Vo Low se. | Idata out = DOA; Data IN = Vbat -5V Po peel 


Ld Data Comparator Vo High lista out - OWA: Data IN = Vbat Vout Pleie 
0.2 


Current In Voltage 10 | Ipn10 =200HA, 2502 from pin | Vout1 
9 to Vbat; Vbat = 13.5V = a 
Current Out Maximum lpn 10 = 700A, 250 from pin 
9 to Vbat; Vbat = 13.5V 


Current Out Ipin 10 =200A, 250Q from pin 24 mA 
9 to Voat; Vbat = 13.5V 
Ipin 10 = 100A, 250Q from pin 10 12 mA 
9 to Vbat; Vbat = 13.5V 
Ipin 10 oe eee Soo teney 250Q from pin 
9 to oe eee Soo teney Vbat = 13.5V 


Current Out Vsat lpin 10 =200pA, 1KQ from pin 
9 to Voat; Vbat = 13.5V 

Thermal Shutdown must open circuit Out! and 
Out2 

Overvoltage Shutdown 1 must operate over full range 18.5 23 V 
of lo1 and Jo2 

Noise Voltage ON Out 1 2 lo =5O0nA; 200 uV 
BW = 100Hz to 22KHz 

Ripple Rejection ON Out 1 2 1V peak-peak sine on Vpat: 45 
f = 120Hz and 3KHz 

Noise Voltage ON Out 2 15 | Ilo =80mA; 
BW = 100HZz to 22KHz 


eee renee | Rejection ON Out 2 1V i peak peak ayer a sine On Vpat; 
[ae = i peak peak ayer a and 3KHz 


hnsclinsenindl Low Threshold loi =SOOUA; Vbat ramps 
down, measure Vo1 when 
reset goes Low 
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ELECTRICAL CHARACTERISTICS (continued) 


Symbol |____—Parameter_— | Pin | _——TestCondition —|_Min. | Typ | Max. | Unit _| 
0.47 uF from pin 7 to GND, 50 150 250 ms 
step Vbat from 0 to 14V; 
measure delay to RESET 
Low to High 
Data IN Comparator 3 Measured with respect to Vbat -3.4 -2.7 -2 V 
Negative Threshold 
Data IN Comparator 3 70 200 450 mV 
Hysteresis 
Ign Comparator Positive 16 | Level of IGN required to toggle 5.5 6.5 V 
Threshold IGN Out on a rising edge 
Vbat = 9V; 10OMQ and 50pF 
from pin 6 to GND 


Fall Time Data Out Vpat = 9V; 1OMQ and 50pF 
from pin 6 to GND 


Vbat= 9V; 10MQ and 50pF 


from pin 11 to GND 


Fall Time Ign Out 11 Vbat= 9V; 10MQ and 50pF 10 US 
from pin 11 to GND 


Vbat= 9V; 10KQ from pin 8 


to Out1, 50pF from pin 8 to 


GND 


Fall Time Reset Vbat= 9V; 10KQ from pin 8 
| to Out1, 50pF from pin 8 to 
GND 
Low Voltage Shutoff 1 Out1 Pass Element is open- 3.0 35 4.0 
circuited when Vbat is low- 
measured on falling edge 
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APPLICATION CIRCUIT 


RO34 


4K 


IGNITION 


[ @.047 an 


#14V 136UH 


C017 
BATTERY 


6.847 


338 
C015 


47 BBUF foe 
Ne aye 
DATA IN DATA IN 
8@ms hi 


@ ms lo 


GND 
REMOTE 


DATA OUT 
TO ALL +5VU 


CIRCUITS 
268vUA-58mA 


FUNCTIONAL DESCRIPTION 
OUT1 AND OUT2 


These are both 5V regulator outputs that utilize 
PNP pass elements and draw the current for their 
outputs from the battery line (pin 1). Out1 (pin 2) 
is designed to source a maximum of 50mA with a 
100uF aluminium electrolytic capacitor and a 
0.047uF ceramic capacitor connected in parallel 
as a load. Out2 (pin 15) is designed to source a 
maximum of 80mA with a 22uF aluminium elec- 
trolytic capacitor and 0.047uF ceramic capacitor 
connected in parallel as a load. Out 1 can be 
open-circuited by the Outi Pass Element Shut- 
down described below and by an overvoltage 
condition on the battery line (pin 1). 

Out 2 can be open-circuited by the Out 2 Enable 
line (pin 14) being held low (by external compo- 
nents or the internal pulldown resistor), a reset 
condition on Out 1 (described below), and an 
overvoltage condition on the battery line. Both 
outputs are current limited for short circuit protec- 
tion and have anti-saturation circuits that prevent 
their dropout voltage from becoming too low. 


IGNITION BUFFER 


This circuit is a noninverting buffer that translates 
the Ignition Line Level to a 5V logic signal (pin 
16). There is an external 1KQ resistor between 
the Ignition line and the input to the IC (pin 16) to 
limit the current into and out of the part in over- 
voltage and reverse battery conditions. The nomi- 


ky 
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28 - S@mA 
to all 
+5U SWITCHED 


O 
CONTROL 


OVUss 


DUAL 5U 
REGULATOR 


MIZL4IZGS-BS8B 


nal threshold of the comparator is 6V. Transitions 
of the Ignition line will have no effect upon Out1 
(beyond that given in the spec parameters) or 
Out2, as long as the Ignition line voltage does not 
exceed the maximum limits given. This circuit will 
be powered from Out 1. 


DATA BUFFER 


‘This circuit is a noninverting buffer that translates 


the Data In (pin 3) voltage to a 5V logic signal 
Data Out (pin 6). The nominal threshold of this 
circuit is (VBAT - 2.7V). This circuit is powered 
from Out 2, and will be disabled whenever Out 2 
is disabled. 


CURRENT MIRROR 


This circuit will sink a current into pin 9 that is ap- 
proximate equal to 100 times the current that is 
sourced from pin 10. 

Current Mirror is powered from Out 2, and will be 
disabled when Out 2 is disabled. During an Out 2 
shutdown, Current Out will be open circuit (Fig. 1 
shows the above condition assuming that Current 
In is tied to GND through a 22KQ resistor and that 
Current Out is tied to GND through a 2500 resis- 
tor. 


RESET 


Pin 8 is NPN open collector output that is pulled 
low whenever Outi falls below the reset thre- 
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shold, which is 4.25V nominally. When Out 1 
goes back above 4.25V, the NPN will be held on 
for a period of time which is determined by the 
value of the capacitor which is tied from reset (pin 
7) to ground (about 150ms for a 0.47uF capaci- 
tor). After this period of time, the NPN will be shut 
off and the voltage of pin 8 will be determined by 
the external components connected to it. Also, 
Out 2 will be disabled whenever Out 1 drops 
below the reset threshold, and the above men- 
tioned delay time has passed (fig. 1). 


PASS ELEMENT SHUTDOWN 


Upon ramp-down of the battery voltage, the out- 
put of the OTA is disabled at Vbatt = 3.5V depriv- 


TEST CIRCUIT 


DATA OUT 
O 


16M Q i C6 eee OOPF 


R6 C7 
CRST if 


6.47UF 


6/7 


ing the Out 1 PNP pass element of base current 
and open circuiting Out 1. This will prevent the 
regulator from conducting in reverse during low 
battery conditions. This circuit will exhibit nominal 
hysteresis of 200mV, meaning that Out 1 will be 
enabled again after the battery voltage rises 
above 3.7V (fig. 2). 


OUT 1 DROP-OUT PROTECTION 


Given that the battery voltage applied to pin 1 can 
vary between +18V and +5.6 during crank. Out 1 
will display less than 250mV variation due to 
a battery fluctuations (assuming a constant 
load). 


U16 

ee 
1KQ [] C15 = 22UF 
R15 


GNDL 


GNDL 
OUT1 


16M i C11 mmm OSPF 
Rii 
GNDL 
BATT 


CUR OUT 
@ 


N92L4939-84A 
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Note: the following information for clarification not for specification definition. 


Figure 1. 


NOMINAL DELAY=15@ms 
-(6.47uUF from pin 7 to GND) 


N92L4939-85 


Figure 2. 


+<———————- 80ms ———————> 


N92L4939-06 SLOW DROP 
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L4951 


5V/8.5V/10V VERY LOW DROP VOLTAGE REGULATORS 


PRECISE OUTPUT VOLTAGE: 

5V + 4% (L4945) 

8.5V + 4% (L4950) 

10V + 4% (L4951) 

OVER FULL TEMPERATURE RANGE 

(— 40 / 125 °C) 

u» VERY LOW VOLTAGE DROP (0.75Vmax) 
OVER FULL TEMPERATURE RANGE 

a OUTPUT CURRENT UP TO 500mA 

m OVERVOLTAGE AND REVERSE VOLTAGE 
PROTECTIONS 

m» REVERSE VOLTAGE PROTECTION 

a SHORT CIRCUIT PROTECTION AND THER- 
MAL SHUT-DOWN (with hysteresis) 

» LOW START UP CURRENT 


DESCRIPTION 


The devices are a monolithic integrated circuit in 
Versawatt package specially designed to provide 
a stabilized supply voltage for automotive and in- 
dustrial electronic systems. Thanks to their very 


BLOCK DIAGRAM 


wii START REF. 
PROTECT. . 
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THE 


ORDERING NUMBER: L4945 
L4950 
L4951 


low voltage drop, in automotive applications the 
devices can work correctly even during the crank- 
ing phase, when the battery voltage could fall as 
low as 6V. Furthermore, they incorporate a com- 
plete range of protection circuits against the dan- 
gerous overvoltages always present on the bat- 
tery rail of the car. 


PNP OUTPUT 
TRANSISTOR OUTPUT 


ANTI 
SAT. 


| | pare 
i 2 CURRENT 


ae LIMITER 
RMAL 
PROTECT. 


N92L4945-83 GROUND 
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ABSOLUTE MAXIMUM RATINGS 


| symbol | Parameter | Value | Unit 
Vi 35 V 


DC Input Voltage 
DC Reverse Input Voltage —18 V 
Transient Input Overvoltages : 80 V 
Load Dump : 

5M § trse $ 10Ms 

t Fall Time Constant = 100ms 

Rsource 2 0.5 

Field Decay : 

5ms < tran $ 10Ms, Rsource 2 102 

tr Rise Time Constant = 33ms 

Low Energy Spike : 

tnse = 1118, tran = 500s, Rsource 2 102 
f, Repetition Frequency = 5Hz 


Note: The circuit is ESD protected according to MIL-STD-883C. 


PIN CONNECTION (Top view) 


INPUT 


Hea. tab connected to pin 3 NG2ZL495@-G1 


THERMAL DATA 


| symbot_| Parameter 


Thermal Resistance Junction-case 
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L4945 - L4950 - L4951 


TEST CIRCUIT 


NG2L4945-82A 


ELECTRICAL CHARACTERISTICS (refer to the test circuit, Vi = 14.4V, Co =47uF, ESR < 10Q, 
Rp = 1KQ, RL = 1KQ, —40°C < Ty < 125°C, unless otherwise specified) 


Output Voltage 


a Temperature Output Voltage . 
Drift 


Supply Volt. Rej. 


(*) For a DC voltage 26 < V, < 37V the device ts not operating 


FUNCTIONAL DESCRIPTION 


The block diagram shows the basic structure of 
the devices : the reference, the error amplifier, the 
driver, the power PNP, the protection and reset 
functions. 


The power stage is a Lateral PNP transistor 
which allows a very low dropout voltage (typ. 
400mV at Ty = 25°C, max. 750mV over the full 
temperature range @ lo = 500mA). The typical 
curve of the dropout voltage as a function of the 
junction temperature is shown in Fig. 1 : that is 
the worst case, where lo = 500mA. 


The current consumption of the devices (quies- 
cent current) are maximum 10mA - over full T - 


ky SGS-THOMSON 


lo = OMA to 500mA 
Over Full T Range for L4945 


T; = 25°C 


Operating Input Voltage lp = OMA to (*) 500MA 


AVo Line Regulation V. = 6V to 26V ;s 2 10 
lo = 5mA 
Load Regulation lo = 5mA to 500mA a ee ee ee 
oe joe Voltage lp = 500mA, Ty = 25°C 0.40 0.55 
0.75 
ne 
110 


Ge eo Full T Range 
OmA, Ty = 25°C 


Be oi coe Current ‘ = : =2 
= OmA Over Full T 
oe = 500mA Over Full T 


eee = 350mA ; f = 120Hz 
Co = 100uF ; 
V, = 12V + 5Vop 


4.80 5.00 5.20 
8.16 8.50 8.84 
9.60 10 10.4 


V 

V 

V 

for L4945 4.90 5.00 5.10 V 

for L4950 8.33 8.50 8.67 V 

for L4951 9.80 10 10.2 V 
mV 


for L4950 
for L4951 


when no load current is required. 


The internal antisaturation circuit allows a drastic 
reduction in the current peak which takes place 
during the start up. 


The three gain stages (operational amplifier, 
driver and power PNP) require the external capa- 
citor (Comin = 20UF) to guarantee the global sta- 
bility of the system. 


Load dump and field decay protections (+ 80V, t = 
300ms), reverse voltage (— 18V) and short circuit 
protection, thermal shutdown are the main fea- 
tures that make the devices specially suitable for 
applications in the automotive enviroment. 
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L4945 - L4950 - L4951 


Figure 1: Typical Dropout Voltage vs. T, 
(lo = 500mA). 


N8BL4945-81 


aca ae 
pt [bp tt | tt 
2 eae sees 
tt 


- 48 g 80 TC) 
EXTERNAL SNPENEITICN 
Since the purpose of a voltage regulator is to sup- 
ply and load variations, the open loop gain of the 


regulators must be very high at low frequencies. 
This may cause instability as a result of the 


4/4 


various poles present in the loop. To avoid this in- 
stability dominant pole compensation is used to 
reduce phase shift due to other poles at the unity 
gain frequency. The lower the frequency of these 
others poles at the unity gain frequency. The 
lower the frequency of these other poles, the 
greater must be capacitor esed to create the 
dominant pole for the same DC gain. 


Where the output transistor is a lateral PNP type 
there is a pole in the regulation loop at a frequen- 
cybtoo low to be compensated by a capacitor 
which can be integrated. An external compensa- 
tion is therefore necessary so a very high value 
capacitor must be connected from the output to 
ground. 


The paeassitic equivalent series resistance of the 
capacitor used adds a zero to the regulation loop. 
This zero may compromise the stability of the 
system since its effect tends to cancel the effect 
of the pole added. In regulators this ESR must be 
less than 3Q and the minimum capacitor value is 
47uF. 
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oV-0.5A VERY LOW DROP REGULATOR WITH RESET 


» PRECISE OUTPUT VOLTAGE (5V + 4%) 
OVER FULL TEMPERATURE RANGE 
(— 40 / 125 °C) 

» VERY LOW VOLTAGE DROP (0.75Vmax) 
OVER FULL T RANGE 

» OUTPUT CURRENT UP TO 500mA 

a RESET FUNCTION 

» POWER-ON RESET DELAY PULSE 

DEFINED BY THE EXTERNAL CAPACITOR 

+ 80V LOAD DUMP PROTECTION 

~80V LOAD DUMP PROTECTION 

REVERSE VOLTAGE PROTECTION 


SHORT CIRCUIT PROTECTION AND THER- 
MAL SHUT-DOWN (with hysteresis) 


» LOW START UP CURRENT 


DESCRIPTION 


The L4947/R is a monolithic tcaisied circuit in 
Pentawatt package specially designed to provide 
a stabilized supply voltage for automotive and in- 
dustrial electronic systems. Thanks to its very low 
voltage drop, in automotive applications the 
L4947/R can work correctly even during the 
cranking phase, when the battery voltage could 


BLOCK DIAGRAM 


DUMP 
PROTECT, 


START T | 


} CAPACITOR 


October 1991 


in tat 


<a OUTPUT 
aren 
AMP » Wes 
O2 
REAL eae 
GROUND 
03 


Pentawatt 


ORDERING NUMBER: L4947/R 


fall as low as 6V. Furthermore, it incorporates a 
complete range of protection circuits against the 
dangerous overvoltages always present on the 
battery rail of the car. The reset function makes 
the device particularly suited to supply micropro- 
cessor based systems : a signal is available (after 
an externally programmable delay) to reset the 
microprocessor at power-on phase ; at power-off, 
this signal becomes low inhibiting the micropro- 
cessor. 


PNP OUTPUT 
TRANSISTOR 
Td 
ANT! 
ae | | 


S-10682 
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ABSOLUTE MAXIMUM RATINGS 


| symbol | Parameter | Vatu | nt 
V; 35 V 


DC Input Voltage 

DC Reverse Input Voltage 
Transient Input Overvoltages : 
Load Dump : 

5M § tse $ 10Ms 

t Fall Time Constant = 100ms 
Rsource 2 0.5 

Field Decay : 

5ms < tran < 10Ms, Rsource = 10Q 
tr Rise Time Constant = 33ms 
Low Energy Spike : 

tise = 11S, ttan = 500s, Rsource 2 102 
f, Repetition Frequency = 5Hz 


Reset Output Voltage 
Junction and Storage Temperature Range 


Note: The circuit is ESD protected according to MIL-STD-883C. 


- 18 V 
80 V 


PIN CONNECTION (Top view) 


+ VouT 


GND 


RESET OUT 
tVin 


/ 
(tab connected topin 3) 
S- 10684 


THERMAL DATA 


Parameter 


TEST CIRCUIT 


OUTPUT 


(*) Min. 20uF, ESR < 102 over full temperature range Rep (pull up resistor) and Ri (load) are both equal to 1KQ. 
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ELECTRICAL CHARACTERISTICS (refer to the test circuit, Vi=14.4V, Co=47uF, ESR < 10Q, 
Rp = 1KQ, Ri = 1KQ, —40°C < Ty < 125°C, unless otherwise specified) 


| Parameter | TestConditions ——|_ Min. | Typ. | Max. | Unit | 


Vo Output Voltage lo = OMA to 500MA 4.80 5.00 5.20 
Over Full T Range 
Ty = 25°C a a es 10 


Operating Input Voltage lp = OmA to (*) 500mMA 


AVo Line Regulation V, = 6V to 26V ; — 
= 5mA 


a ee EE ee pat 


Vi-Vo Dropout a ae lo = 500mA, Ty = 25°C (ean 40 0.55 7 
0. 2 


Prone LB Full T Range 


Quiescent Current =OmA, Ty = 25°C 

. = OmA Over Full T 6. a 

lo = 500mA Over Full T 1 Hos" = 
Drift 


Supply Volt. Rej. lp = 350mA ; f = 120Hz aa 
Co = 100HF ; 
Vi = 12V+5V 


a IC 


Reset Output Saturation Voltage | 1.5V < Vo < Vratiott, 0.40 
IR=1.6MA 
3.0V < Vo < VAT (off), 0.40 
IR =8mA 


=a ee Reset Output Leakage Current | Voin Regulation, Va=5V on ee en 


VRT peak Power On- eS Reset out Peak Lie Reset Pull-up to Vo, Ty = 0.50 0.80 V 
pense Ote ure 
Vat (off) Power OFF V, Threshold 7 2 Reset Out H toL 
Transition 4.70 
Ty = 25°C 4.75 |Vo-0. la 


VAT (on) Power ON eae I Threshold Vo @ Reset Out L to H | [Marea (ot) 
PRO eer +0. ere | og 04 


Power ON-Off Hysteresis Var (on) ~Var (ot Lane eet ee oe 


Vg Delay Comparator Threshold Va @ Reset Out L to H 4.00 
Transition 
Vg @ Reset Out H to L 
Transition 


| Venu ___| Delay Comparator Hysteresis <saneesccses! Sa Cs Seas x 


Delay Capacitor Charging Va =3V, Ty = 25°C 
Current 

es fee 
ae 


Power on Reset Delay Time Ca = 100nF, Ty = 25°C 


(*) For a DC voltage 26 < V, < 37V the device is not operating 


FUNCTIONAL DESCRIPTION functions. | | 
The L4947/R is a very low drop 5V/0.5A voltage ‘The power stage Is a Lateral fe transistor 
regulator provided with a reset function and there- Which allows a very low dropout voltage (typ. 


fore particularly suited to meet the requirements  400mV at Ty = 25°C, max. 750mV over the full 


of supplying the microprocessor systems used in temperature range @ lo = 500mA). The typical 
automotive and industrial applications. curve of the dropout voltage as a function of the 


; junction temperature is shown in Fig. 1 : that is 
The block diagram shows the basic structure of the worst case, where Io = 500mA. . 
the device : the reference, the error amplifier, the , 
driver, the power PNP, the protection and reset The current consumption of the device (quiescent 
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current) is maximum 13mA - over full T - when no 
load current is required. 


The internal antisaturation circuit allows a drastic 
reduction in the current peak which takes place 
during the start up. 


The reset function supervises the regulator output 
voltage inhibiting the microprocessor when the 
device is out of regulation and resetting it at the 
power-on after a settable delay. The reset is LOW 
when the output voltage value is lower than the 
reset threshold voltage. At the power-on phase 
the output voltage increases (see Fig. 2) and - 
when it reaches the power-on Vo threshold Vat 
(On) - the reset output becomes HIGH after a 
delay time set by the external capacitor Cg. At the 
power-off the output voltage decreases : at the 
Veatiort) threshold value (Vo-0.15V typ. value) the 
reset output instantaneously goes down (LOW 
status) inhibiting the microprocessor. The typical 


Figure 1: Typical Dropout Voltage vs. T, 
(lo = 500mA). 


Figure 2: Reset Waveforms: 
(1) Without External Capacitor Ca. 
(2) With External Capacitor Cua. 


power on-off hysteresis is 50mV. 


The three gain stages (operational amplifier, 
driver and power PNP) require the external capa- 
citor (Comin = 20uUF) to guarantee the global sta- 
bility of the system. 


Load dump and field decay protections (+ 80V), 
reverse voltage (— 18V) and short circuit protec- 
tion, thermal shutdown are the main features that 
make the L4947/R specially suitable for applica- 
tions in the automotive enviroment. 


EXTERNAL COMPENSATION 


Since the purpose of a voltage regulator is to sup- 
ply and load variations, the open loop gain of the 
regulator must be very high at low frequencies. 
This may cause instability as a result of the 
various poles present in the loop. To avoid this in- 
stability dominant pole compensation is used to 
reduce phase shift due to other poles at the unity 
gain frequency. The lower the frequency of these 
others poles at the unity gain frequency. The 
lower the frequency of these other poles, the 
greater must be capacitor esed to create the 
dominant pole for the same DC gain. 


Where the output transistor is a lateral PNP type 
there is a pole in the regulation loop at a frequen- 
cybtoo low to be compensated by a capacitor 
which can be integrated. An external compensa- 
tion is therefore necessary so a very high value 
capacitor must be connected from the output to 
ground. 


The paeassitic equivalent series resistance of the 
capacitor used adds a zero to the regulation loop. 
This zero may compromise the stability of the 
system since its effect tends to cancel the effect 
of the pole added. In regulators this ESR must be 
less than 3Q and the minimum capacitor value is 
47UF. 
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AIT eS neenins L4948 


QUAD VOLTAGE REGULATOR WITH INHIBIT AND RESET 


PRODUCT PREVIEW 


» 4 OUTPUTS: 10V (300mA); 8V (400mA); 5V MULTIPOWER BCD TECHNOLOGY 
(600mA); 5V (100mA) 


» 10V AND 5V (100mA) OUTPUT ARE LOW 
DROP 

a 5V(100mA) ST-BY OUTPUT VOLTAGE 

» EARLY WARNING OUTPUT FOR SUPPLY 
UNDERVOLTAGE (LVW) 

» THERMAL SHUTDOWN AND CURRENT 
LIMITATION (FOLDBACK) 


a REVERSE BATTERY AND LOAD DUMP 
PROTECTION 


a INHIBIT (ON/OFF) AND RESET FUNCTIONS 


Multiwatt 11 


DESCRIPTION ORDERING NUMBER: L4948 
The L4948 is a quad output low drop voltage 
regulator. The four outputs are a low drop 10V at 
300mA (Vo1), a 8V at 400MA (Voz), a 5V at 
600mA (Vos) and a low drop SV st-by line at The STCAP pin allows the battery voltage to 
100mA (Vos). decay slowly giving the uP time to store data. 
The IC includes a monitoring circuit to warn if a —srThis IC is designed for supplying microcomputer 


low voltage or no voltage condition is occurring. controlled systems specially in automotive appli- 
Vo1,2,3 are off during st-by mode. cations. 
BLOCK DIAGRAM 


1@U, 3@6NA 
Pesce | 


ON/OFF AND 
THERMAL 
SHUTDOWN 


== 
Mi ay REGULATOR 
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OPERATING CONDITION 


| symbol | Parameter Value |_Unit_| 
Vs Supply Voltage -15 to 27 

mA 

mA 

mA 

mA 


300 
400 
600 
100 


[| Parameter —is—i~iL=SC sate |i 
Input Voltage (ON/OFF 
Output Voltage (LVW, Reset 

| | 


Storage Temperature Range -65 to 150 
Junction Temperature Range 


Load Dump (5ms rise, 115ms decay) 


PIN CONNECTION 


PWR GND 
RESET 
ON/OFF 
VOUT1 
VOUT2 
Us 


MG2L49482-B2A 


APPLICATION CIRCUIT 


VOUT1 VOUT2 VOUT3 VOUT4 N92L 4948-83 


THERMAL DATA 


| Symbol Parameter Value [Unit _| 


Thermal Resistance Junction-case max °C/W 
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ELECTRICAL CHARACTERISTICS (Vs = 10.5 to 16V; lo1 = lo2 = lo3 = 5mA; log = 0.5mA; Co = 10nF 
max; Tamb = -40 to 85°C, unless otherwise specified.) 


Symbol Test Condition | Min. | Typ. | Max. | Unit _| 
Output Voltage lo1 = 300MA; Tamb = 25°C; 9.7 10 10.3 
11V < Vs < 16V all temps Rea oe 10.5 

Load Regulation lo1 = 6 to 300mA eee 


Quiescent Current (Als) Vs = 14V; lo1 = 6mA; 10 mA 
Vs =14V; lo: = 300mA; 30 mA 


Vs-Vo1 Dropout Voltage lor = 300mA 
set Vs = Voi+0.5V; Tamb = 25°C; 600 
set Vs = Vo1+0.8V;all 900 


lo1 =6mA 
set Vs = Vo1+0.15V; Tamb = 25°C; 200 mV 
set eee Vo1+0.2V:all temps oul eral 


Current Limit lVor=0Vti(‘CO;*~*~*” OV 


Max Bat.Trans. Ro = 100Q 
Ramp Vs from 14 to 60V in 3- oh Le 
Hold Vs at 60V for 10ms V 
Ramp Vs from 60 to 14V in 3-5ms; 
Tamb = 25°C; 9.7 10 10.3 V 
all temps ry r re ry 


Rev. Voltage Trans. Vs = -35V; t= 1ms; Ro = 100Q 
Check Voi, standard Tamb = 25°C; Ea 3 
all temps ra 5 re 10.5 py 


Vs=-15V; t=30s;Ro= 1002 | -o4 | | 4 | Vv 


Ripple rejection fo= 120-10KHz; 1Vpp AC ; Vg=14V ars 


lo1 = 180mA; loz = 200mA, 
lo3 = 400mA; lo4= 40mA; 
fo = 20-20KHz; 1Vpp AC ; Vs =14V 
lo1 = 180mA; lo2= 200mA, 

loz = 400mA; los = 40mA; 


AVo1 Line Regulation 
AVo1 across Vs range 
AVo1 across Vs range Vs = 10.5V to 10.99V 


Voi - Vs across Vs range Vs = 10.2V to 10.49V 


Output Voltage loz = 400MA; Tamb = 25°C; 7.75 8 8.25 V 
all temps 7.60 8 8.40 V 


Vs = 11V to 26V 


Load Regulation loz = 8 to 400mA a ae, 


Vs = 14V; loo = 8mA; 
Vs = 14V; loz = 400mA; 


lo2 = 400mA 
set Vs = Voo+1V; Tamb = 25°C; 
set Vs = Voo+1.5V;all temps 


loz = 8mA 
set Vs = Vo2+0.3V; Tamb = 25°C; 


400 mV 
set Vs = Voo+0.4V;all temps 500 ore 


a 


Max Bat.Trans. Ro = 1002 
Ramp Vs from 14 to 60V in 3-5ms V 
Hold Vs at 60V for 10ms 
Ramp Vs from 60 to 14V tn 3-5ms; 
Tamb = 25°C; ; : 
alltemps : P 
Voe2 Rev. Voltage Trans. Vs = -35V; t= 1ms; Ro= 100 
Check Vop, standard Tamb = 25°C; 
all temps 
3/7 
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Quiescent Current (Als) 


Vs-Vo2 Dropout Voltage 
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ELECTRICAL CHARACTERISTICS (continued) 


Parameter | TestCondition _|_Min. | Typ. | Max. | Unit_| 


Ripple rejection fo = 120-10KHz; 1Vpp AC ; Vs=14V 
lo1 = 180mA; lo2= 200mA, 
los = 400mA; los = 40mA; 
fo = 20-20KHZ; 1Vpp AC ; Vs=14V 
lo1 = 180mA; lo2= 200mA, 
lo3 = 400mA; los = 40mA; 


Line Regulation 

AVo2 across Vs range Vs = 10.5V to 26V 
AVoz2 across Vs range Vs = 9V to 10.49V 
Vo2- Vs across Vs range Vs = 7V to 8.99V 


Vos Output Voltage lo3 = 600MA; Tamb = 25°C; 
all temps 


Line Regulation Vs = 7V to 26V 
Load Regulation los = 4 to 600mA 


Quiescent Current (Als) Vs = 14V; lo3 = 4mA; 
Vs = 14V; log = 600mA; 


Dropout Voltage loz = 6(00mMA 
set Vs = Vo3+1 V; Tamb = 25°C; 
set Vs = Vo3+1.5V;all 


lo3 = 4mA 
set Vs = Vo3+0.3V; Tamb = 25°C; 
set Vs = Vo3+0.4V;all 


Current Limit 


Max Bat.Trans. Ro = 100 
Ramp Vs from 14 to 60V in 3-5ms 
Hold Vs at 60V for 10ms 
Ramp Vs from 60 to 14V in 3-5ms; 
Tams = 25°C; 
all temps 


Vos Rev. Voltage Trans. Vs =-35V; t< ims; Ro= 100Q 
Check Vos, Standard Tamb = 25°C; 
all temps 


Rev. Voltage . Vs = -15V; t= 30s; Ro= 1000 al oe ee ee V 


Ripple rejection fo = 120-10KHZ; 1Vpp AC ; Vs=14V 50 
lo1 = 180mA; loz= 200mA, 
lo3 = 400mA; los = 40mA; 


fo = 20-20KHZ; 1Vpp AC ; Vs =14V 


Output Voltage loa = 100MA; Tamb = 25°C; 
all temps 


Vs = 7V to 26V 
Load Regulation loa= 0.4 to 100MA 


Quiescent Current Vs = 14V; log = 2mA; 
Vs = 14V; log = 100mA; 


Dropout Voltage loa = 100mA 
set Vs = Voat+0.5V; Tamb = 25°C; 
set Vs = Vo4+0.8V;all temps 
log = 0.4mMA 
set Vs = Vo4+0.1 5V; Tamb = 25°C; 
set Vs = Vo4t+0.2V;all temps 


Current Limit 
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ELECTRICAL CHARACTERISTICS (continued) 
[ symbol | _—Parameter_ | TestCondition | _ Min. | Typ. | Max. | Unit _| 


eee eee come | Le |v 
Ramp Vs from 14 to 60V in 3-5ms V 


Hold Vs at 60V for 10ms 
Ramp Vs from 60 to 14V in 3-5ms; 
Tamb = 25°C: 

all temps 


Rev. Voltage Trans. Vs = -35V; t= 1ms; Ro= 10000 
Check Vos, standard Tamb = 25°C; 
all temps 


fo= 120-10KHz: 1Vop AC ;Vs=14V 
lo1 = 180mA; loz = 200mA. 
los = 400mA; lo4 = 40mA; 
fo = 20-20KHZ; 1Vpp AC ; Vs=14V 
lo1 = 180mA; loz = 200mA, 

los = 400mA; lo4 = 40mA; 


yee = 14V: Vin = >2V; 


Vs = 14V; Vit = <0.8V; 


Vionorr | Input Threshold Vs = 14V Vit Faery V 

Vs = 14V Vin 12 V 

Reset Output Voltage Vs so that Vo4 < 4.75V; 0.75 V 
Ro=200KQ to Vo4; Vit = “O" 


ApoE aiection 


ON/OFF | Input Current 


Vs so that Vo4 >4.75V; 
Ro=200KQ to Vo4; VIH = “1" 


|W $e 


oo LVW Output Threshold | Ramp Vsdown until LVW iat 8.2 V 
switches from"1" to a “O" 


|_| LVWTransition Time rae as Ee oe 
LVW Output Voltage STCAP <6.5V;Ro = 200KQ to 0.75 V 
Voa; Vit = “O" 
STCAP >7.5V;Ro= 200KQ to 2.7/5 12 V 
Voa; VIH= “1" 
Reset Output Stability Vsis set such that 1<Vo4 < 50 mV 
4V; louT4 = 2mMA; VON/OFF = 0 
meas reset variation 


St-By Quiescent Current (Als) Vonorr = OV lo4 = 100mA; 
Vs= 14V; loi23 = OmA 


Vonorr = OV, lo4 = 2mA; 


Vbat = 14V; lo123 = OMA 


Maximum Quiescent Current Vs = 14V; lo1 = 300mA; 
(Als) loz= 400mA, lo3 = 600mA; 
loa = 100mA; Vo = 5V 
STCAP Output Voltage Vs = 24V; 15 Ws V 
Vs = 60V. ims 18 V 


FUNCTIONAL DESCRIPTION back above 4.6V (typical). The microprocessor 


; ee eee looks for a rising edge. So, any spike will tell the 
The L4948 includes a monitoring circuit to warn iCtOpIGEESEOr™ 1D ese Sperating: Once the 


the microprocessor if a low voltage or no voltage STCAP line passes 7V (typical), the LVW output 
condition is occurring. Between 6.5V and 7.5V on will also return to high state. 

the STCAP pin, the LVW output will go low. This ; ie hd 
tells the microprocessor to stop executing code ‘The STCAP pin acts like a delay circuit. Due to 
and save vital information. When the Vo4 drops __ the large capacitor (470uF), the STCAP pin allows 
between 4 and 5V the RESET output goes low. It the battery voltage to decay slowly giving the 
is very important that the RESET output doesn,t_ ‘Microprocessor time to store data. Also, during 
go above 0.75V until the Vos output has gone short low voltage or negative voltage conditions, 
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the STCAP pin protects the 5V st-by output from = The L4948 has a st-by mode to keep the micro- 
dropping below the RESET and LVW trip points processor and memories allive during an ignition 
The four output are expected to follow the battery ff conditions. The ON/OFF input pin in controlled 
voltage down to 7V. At 7V the outputs are ex- by the microprocessor. An high on the ON/OFF 
pected to be remain alive and ready for a return pin places the part in normal mode. A low on the 
of the battery. ON/OFF pin places the part in normal mode. 


TIMING DIAGRAM 


NG2L 4948-848 


9.19.6 
N92L4948-85A 
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6.75 6.25 6.8 


6.15 5.65 5.4 
M92L4948-06 


Notes and Information 


The following information ts for clarification, not for specification definition. 
Please use the information in this way 
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MULTIFUNCTION VERY LOW DROP 
VOLTAGE REGULATOR 


OPERATING DC SUPPLY VOLTAGE RANGE 

5V - 28V 

TRANSIENT SUPPLY VOLTAGE UP TO 40V 

EXTREMELY LOW QUIESCENT CURRENT 

IN STANDBY MODE 

a HIGH PRECISION STANDBY OUTPUT VOLT- 
AGE 5V+1% 

=» OUTPUT CURRENT CAPABILITY UP TO 
100mA 

» VERY LOW DROPOUT VOLTAGE LESS 
THAN 0.4V 

=» RESET CIRCUIT SENSING THE OUTPUT 
VOLTAGE 

=» PROGRAMMABLE RESET PULSE DELAY 
WITH EXTERNAL CAPACITOR 

a VOLTAGE SENSE COMPARATOR 

a THERMAL SHUTDOWN AND SHORT CIR- 

CUIT PROTECTIONS 


BLOCK DIAGRAM 


. “11 
° PREREGULATOR 7V 


MN9S8BL4949-681 


February 1992 


ADVANCE DATA 


Minidip SO-8 
ORDERING NUMBERS: 


L4949N L4949DN 


DESCRIPTION 

The L4949 is a monolithic integrated 5V voltage 
regulator with a very low dropout output and addi- 
tional functions as power-on reset and input volt- 
age sense. It is designed for supplying the micro- 


computer controlled 
automotive applications. 


systems especially in 
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ABSOLUTE MAXIMUM RATINGS 


sense Input Current 
Enable Input Current 


Note: The circuit is ESD protected according to MIL-STD-883C 


THERMAL DATA 


Thermal Resistance Junction-ambient 
TJSD —_| Thermal Shutdown Junction temperature 


Symbol Test Condition 
Output Voltage Ty = 25°C; lo=1mMA 


| Vo __ | Output Voltage Vin =35V; T< 1s 1mA <lo<50mA 


to lt 


4. 


Input to Output Voltage Vin = 4V, lo =35mA 
Difference in Undervoltage 
Condition 


Vo 
Vo 
Vo 
Vop Dropout Voltage 
lo = 100mA 
Vio 
VoL 


| Vo. |LineRegulation [6 < Vin < 28V lo = 1A 
Load Regulation 1mA <lo<100mA 


Current Limit Vo = 4.5V 
Vo = OV (note 1) 


Quiescent Current 0 = 0.3mA; Ty < 100°C 
=a Quiescent Current o = 100mA 


RESET 


EO) 

| 
| Var [Reset TheresholdVoltage | Tv] | 
| Vary |ResetThereshold | | 50 t00 | 200 | mv | 


Note 1. Foldback characteristic 
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ELECTRICAL CHARACTERISTICS (continued) 


[| symbol | __—Parameter_ _—S|__—STest Condition | _Min. | Typ. | Max. | Unit_ 
Reset Reaction Time (Cr=toonF | | | 80s 


Vat __ | Reset Output Low Voltage Rres=10KQtoVo Vs>3vV. | ti(‘zYtté‘idL«Ci TC 
Reset OutputHigh Leakage Current|Vaes=5V_ | | TAC 


Delay Comparator Thereshold 


aaa Gee eS ee 
Vetth,hy |Delay Comparator Thereshold 100 mV 
Hysteresis 
SENSE 


| Vx _|SenseLowThereshold | tts | 23 | 35 | VI 
| Ven |SenseTheresholdHysteresis | | 20 | 100 


Rso = 10KQ to Vo 
| Ish [Sense OutputLeakage —|Vso=5V;Vei215V | | CT tA 
| ts: __|[SenseinputCurrent | Et ot ftp 


PREREGULATOR 


| Vz __[PreregulatorOutputVoltage —fiz=twA | | | 
[| z_[PreregulatorOutputCurrent |_| Tt 


APPLICATION CIRCUIT 


Vout 9 
ait: 
VUZCoptional) : 


. —— 1 
° PREREGULATOR 7U i 
= i 


N9BL4949-62 


For stability: Cs > 1pF, Co > 4.7uF, ESR < 10Q at 10KHz 
Recommended for application: Cs = Co = 10uF 
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APPLICATION INFORMATION 
Supply Voltage Transient 


High supply voltage transients can cause a reset 
output signal disturbation. 


For supply voltages greater than 8V the circuit 
shows a high immunity of the reset output against 
supply transients of more than 100V/us. 

For supply voltages less than 8V supply tran- 
sients of more than 0.4V/us can cause a reset 
signal disturbation. 


To improve the transient behaviour for supply 
voltages less than 8V a capacitor at pin 3 can be 
used. 

A capacitor at pin 3 (C3 < 1uF) reduces also the 
output noise. 


Figure 1: Foldback Characteristic of Vo 
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FUNCTIONAL DESCRIPTION 


The L4949 is a monolithic integrated voltage 
regulator, based on the STM modular voltage 
regulator approch. Several outstanding features 
and auxiliary functions are implemented to meet 
the requirements of supplying microprocessor 
systems in automotive applications. Nevertheless, 
it is suitable also in other applications where the 
present functions are required. The modular ap- 
proach of this device allows to get easily also 


The typical curve showing the standby output 
voltage as a function of the input supply voltage is 
shown in Fig. 2. 


The current consumption of the device (quiescent 
current) is less than 200pA. 


To reduce the quiescent current peak in the 
undervoltage region and to improve the transient 
response in this region, the dropout voltage is 
controlled, the quiescent current as a function of 
the supply input voltage is shown in Fig. 3. 


Preregulator 


To improve the transient immunity a preregulator 
stabilized the internal supply voltage to 7V. This 
internal voltage is present at Pin 3 (Vz). This volt- 
age should not be used as an output because the 
output capability is very small (<10yA). This out- 
put may be used as an option when a better tran- 
sient behaviour for supply voltages less than 8V 
is required (see also application note). In this 
case a capacitor (100nF - iF) must be con- 
nected between Pin 3 and GND. If this feature is 
not used Pin 3 must be left open. 


Figure 2: Output Voltage vs. Input Voltage 


aU 2U su yee SU 
MNGEL4949-64 


Figure 3: Quiescent Current vs. Supply Voltage 


other features and functions when required. lq aie 
R.L=1882 
mA 4.5 

Voltage Regulator 
The voltage regulator uses an Isolated Collector 1.8 
Vertical PNP transistor as a regulating element. " 
With this structure very low dropout voltage at 
currents up to 100mA is obtained. The dropout 6.5 
operation of the standby regulator is maintained 
down to 3V input supply voltage. The output volt- 6 ee 
age is regulated up to the transient input supply SU 5 28U 
voltage of 35V. With this feature no functional in- WS: Saleeeetae 
terruption due to overvoltage pulses is generated. 
we SGs-THOMSON 
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Reset Circuit 


The block circuit diagram of the reset circuit is 
shown in Fig. 4. The reset circuit supervises the 
output voltage. The reset thereshold of 4.5V is 
defined with the internal reference voltage and 
standby output drivider. 


The reset pulse delay time trp, is defined with the 
charge time of an external capacitor Cr: 


Cre 2V 


tRD = DUA 


The reaction time of the reset circuit originates 
from the discharge time limitation of the reset ca- 
pacitor Cr and is proportional to the value of Cr. 


The reaction time of the reset circuit increases the 
noise immunity. Standby output voltage drops 


Figure 4 


REF 1.23V 


L4949 


below the reset threshold only a bit longer than 
the reaction time results in a shorter reset delay 
time. The nominal reset delay time will be gener- 
ated for standby output voltage drops longer than 
approximately 50us. 

The typical reset output waveforms are shown in 
Fig. 5. 


Sense Comparator 


The sense comparator compares an input signal 
with an internal voltage reference of typical 1.23V. 
The use of an external voltage divider makes this 
comparator very flexible in the application. It can 
be used to supervise the input voltage either be- 
fore or after the protection diode and to give addi- 
tional informations to the microprocessor like low 
voltage warnings. 
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L4949 


Figure 5 


VINPUT 


VRT+8.1U 


SUITCH ON INPUT DROP | DUMP | output OVERLOAD | SUITCH OFF | 
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QUAD INVERTING TRANSISTOR SWITCH 


a OUTPUT VOLTAGE TO 50V 

» OUTPUT CURRENT TO 1.2A 

» VERY LOW SATURATION VOLTAGE 
a TTL COMPATIBLE INPUTS 

a INTEGRAL SUPPRESSION DIODE 


DESCRIPTION 


The L9222 monolithic quad transistor switch is de- 
signed for high current, high voltage switching appli- 
cations. 


Each of the four switches is controlled by a logic 
input and all four are controlled by acommon enable 
input. All inputs are TTL-compatible for direct con- 
nection to logic circuits. Each switch consists of an 
open-collector transistor plus a clamp diode for ap- 
plications with inductive loads. 


BLOCK DIAGRAM 


October 1990 


Powerdip (12+2+2) 


ORDERING NUMBER :L9222 


The emitters of the four switches are connected 
together to GND. The switches of the same device 
may be paralled. The device is intended to drive coils 
such as relays, solenoids, unipolar stepper motors, 
LED etc. 
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ABSOLUTE MAXIMUM RATINGS 


V 


TRUTH TABLE 


| Input | Power Out _ 
L ON 


H 
X 


For each input : H= High level 
L= Low level 
X = Don’t care 


THERMAL DATA 


Rth j-amb | Thermal Resistance Junction-ambient Max 90 
Rth-J-case| Thermal Resistance Junction-case Max 14 
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ELECTRICAL CHARACTERISTICS 
(Voc = 5Vdc + 5% Ven = SV — 40 < T, < 105°C unless otherwise specified) 


[Symbol Parameter ———*«—Test Gonaitions [in| Typ | Max 


Vce(sus) | Output Sustaining Voltage Vin = 2V Ven =2V 46 V 
lout = 100mA 
IcEX Output Leakage Current Vce = 50V 1 mA 
Vin =2V, Ven = 0.8V 


Vce(sat) | Collector Emitter Saturation Vin 2 0.8V lout =0.1A 0.3 V 
0.5 
| =0.3A 
OUT 08 
lout = 0.6A 
— 40 + 105°C 


OO 
Tu [input tow curent ‘([WweoavSSC—~i tw Pi 
[Vin [inputigh Votage OP SSCSC~CS~SC~‘ | 


Logic Supply Current All Outputs ON 50 mA 
lout = 06A 


an ae eee 


Is 
Clamp Diode Leakage Current | Vr = 50V 100 LA 
Diode Reverse Voltage 
Ve Clamp Diode Forward Voltage | Ir =0.6A er ae a) V 
Se ea ea EI TO 
louT Output Current Vin =0.4V, Vs =13V 1.2 A 
R = 10Q 
TpH_ | Propagation Delay Time T, = 25°C 
(high to low transition) IL =600mA 
TPHL Propagation Delay Time IL = 600mMA 
(low to high transition) T, = 25°C 
Low Enable Current Ven =0.4V ae es Dae 


High Enable Voltage Ven > 2.0V ~15 
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L9305A 


DUAL HIGH CURRENT RELAY DRIVER 


a HIGH OUTPUT CURRENT 

» HYSTERESIS INPUT COMPARATOR WITH 
WIDE RANGE COMMON MODE OPERATION 
AND GROUND COMPATIBLE INPUTS 

a INPUT COMPARATOR HYSTERESIS 

a INTERNAL THERMAL PROTECTION WITH 
HYSTERESIS 

a INTERNAL OUTPUT OVERVOLTAGE CLAMP- 
ING 

nm SINGLE SUPPLY VOLTAGE (3.5V up to 18V) 


DESCRIPTION 

The L9305A is a monolithic interface circuit with dif- 
ferential input comparator and open collector output 
able to sink high current specifically to drive relays, 
lamps, d.c. motors. 


Particular care has been taken to protect the device 
against destructive failures - short circuit of outputs 
to Vs, output overvoltages, supply overvoltage. 


BLOCK DIAGRAM 


Powerdip (8 + 8) 
ORDERING NUMBER :L9305A 


A built in thermal shut-down switches off the device 
when the IC’s internal dissipation becomes too great 
and the chip temperature exceeds a set security 
threshold. 


A hysteresis input comparator increases the interfa- 
ce’s noise immunity, allowing the correct use also in 
critical environments as automotive or industrial ap- 
plications. 


REFERENCE 
VOLTAGE AND 
THERMAL 
PROTECTION 


CURRENT 


LIMITED 


January 1992 


CURRENT 
LIMITED 
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ABSOLUTE MAXIMUM RATINGS 


Parameter Value ; Unit 


Supply Voltage (*) 20 
Driver Supply Voltage 


Supply Zener Clamp Current (DC) 30 
(PULSED) (**) 80 mA 
Vi 


Symbol 


a Comparator Input Voltage Range — 0.2 to 24 Es 
Differential Input Voltage es eee eee 
Junction and Storage Temperature — 55 to 150 Kem 


28 
a oa Output Current Int. limited Ls 


(*) The maximum allowed supply voltage without series resistors Is limited by the built-in zener protection diodes 
(**) Ton $ 25 ms ; repetition time = 30 ms 


PIN CONNECTION (top view) 


NON INVERTING 
INPUT 1 


INVERTING 
INPUT 1 


INVERTING 
INPUT 2 


NON IVERTING 
INPUT 2 


GROUND 
SUPPLY VOLTAGE 


OUTPUT 2 


ORIVER SUPPLY 
(COMMON) 


OUTPUT 1 


THERMAL DATA 


Rthj-pins | Thermal Resistance Junction-pins 
Rthj-amb | Thermal Resistance Junction-ambient 
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ELECTRICAL CHARACTERISTICS (Vs = 14.4V, Tamb = 25°C ; refer to block diagram unless otherwise spe- 
cified) 


[Symbol | ___— Parameter |_——Test Conditions | Min. | 
| Vs | Supplyvottage | 
[is*stby’| Supply Curent [i= 7omv | 
| tson | Supply Curent i= Wit > omy | 

207! 


Output Clamping Voltage (for| lour=1A 
each channel) 


V5 
CZ 
ZS Supply Voltage Clamp Izs = 10mA 
IH 

los 


V 
f = 1kHz 
| ts | Input BiasCurrent | V=VO=OV 
| los __| Input Offset Current =| Vt VO=OV 


Output Short Circuit Current for] ViT—Vit > 7OMV Vor =16.5V{ 
Each Channel Vout = 6V =a 
Driver Transistor Current| Vi — Vi* = 70mV DC P| 
Capability Pulsed (“*) | 

: a 


Isc 
Ic Vio > 
Vcsat | On Status Saturation Voltage Vi -Vi* = 70mV 
Icp = 100mMA 
Icout = 1.2A 
Output Leakage Current Vi 7 — Vi = 70mV 


Ton < 2.5 ms ; repetition time 2 30 ms. 


The maximum allowed supply voltage without limiting resistors ts limited by the built-in protection zener diodes see Vez, Vzs 
Spec velues 


xt 


TEST AND APPLICATION CIRCUIT 


THERMAL : 
PROTECTION 
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APPLICATION INFORMATIONS (refer to application circuit) 


D1 and D2 diodes are required only for reverse po- 
larity protection. 


If Vs may be higher than Vzs a resistor Rs is necess- 
ary to limit the zener current Izs. In order to deter- 
mine Rs value the following equations can be used : 

Vs MAX — Vp1 — VzZs min 
1) Pape eat ent IZ OAK 

Rs 

2) Vs mn — Vp1 — Rs — Ison max > VST min 
where from Tamb = 25 °C: 


- Vs max and Vs mn are the maximum and minimum 
values of power supply voltage 


- Vp1 is the forward diode D1 voltage drop 
- Vzs min = 20 V 


- zs MAX = 30 mA for d.c. mode and Izs max = 80 mA 
for pulsed mode (see Absolute maximum ratings) 
- lsom MAX = 30 mA 


- Vst min = 3.5 V 


If no Rs value can satisfy the system 1), 2) a more 
powerfull external zener Dz = 18 V is required. 


Then 1) becomes : 


Figure 2 : Example of Heatsink Using PC Board 
Copper (| = 65 mm). 


COPPER AREA 35y THICKNESS 


CS- 0100 


Vs max — Vp1— 18 
Rs 


where Ipz max is the maximum allowed Dz current. 


< IDZ MAX 


Va voltage cannot be higher than 20 V otherwise 
output overvoltage protection may be activated. 
Morever Va must be less than 16 V if short circuit 
protection is required. 


Dze2 = 22 to 24 V is a mandatory for output 7 protec- 
tion if Vs may be higher than 26 V. 


MOUNTING INSTRUCTION 


The L9305A is assembled in a new plastic package, 
the Powerdip, in which 8 pins (from 9 to 16) are at- 
tached to the frame and remover the heat produced 
by the chip. 

Figure 2 and 3 show two ways of heatsinking. In the 
first case, a PC board copper area is used as a heat- 
sink | =65 mm. While in the second case, the device 
is soldered to an external heatsink. In both 
examples, the thermal resistance junction-ambient 
is 35 °C/W. 


Figure 3 : Example of an External Heatsink. 
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L9307 
L9309 


DUAL HIGH CURRENT LOW SIDE DRIVER 


HIGH OUTPUT CURRENT 

INPUT COMPARATOR WITH WIDE RANGE 

COMMON MODE OPERATION AND 

GROUND COMPATIBLE INPUTS 

a INPUT COMPARATOR HYSTERESIS 

e SHORT CIRCUIT PROTECTION WITH SOA 
PROTECTION OF OUTPUT 

» INTERNAL THERMAL PROTECTION WITH 
HYSTERESIS 

a SINGLE SUPPLY VOLTAGE (3.5 V to 28V) 


DESCRIPTION 


The L9307/9 is a monolithic integrated circuit with 
differential input comparator and open collector 
output able to sink high current specially to drive 
relays, lamps, d.c. motors. 


Particular care has been taken to protect the de- 
vice against destructive failures, i.c. short circuit 
of outputs to Vs, SOA protection, supply overvolt- 
age. 

A built in thermal shut-down switches off the de- 
vice when the IC’s internal dissipation becomes 


BLOCK DIAGRAM 


Multiwatt 11 SIP 10 


ORDERING NUMBERS: 


L9307 L9309 


too high and the chip temperature exceeds se- 
curity threshold. 


The input comparator hysteresis increases the in- 
terface’s noise immunity allowing the correct use 
critical environments as automotive applications. 


REFERENCE 
VOLTAGE AND 
THERMAL 
SHUTDOWN 


October 1990 
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L9307 - L9309 


ABSOLUTE MAXIMUM RATINGS 


Izs Current Into Supply Clamp Zener Diode DC Conditions 


Pulsed: Ton < 2.5ms; d < 8% an ee 


30 

80 
Supply Voltage 28 
to | Output Current Internally Limited 
Junction and Storage Temperature Range — 55 to 150 
Output Voltage — 0.3 to 28 

137 

1.3 


Prot Power Dissipation at Tamb = 85°C for Multiwatt 11 
for SIP 10 


(*) Ton 2.5ms; repetition time < 30ms 
(**) The maximum allowed supply voltage without limiting resistor is limited by the built-in protection zener diode’ see Vzs spec. values if Vs 


higher than Vzs a resistor Rs is necessary to limit the zener current lzs. 


V 
°C 
°C 


z= [5|6|<(Belg 


PIN CONNECTIONS (Top view) 


N.C. 

OUTPUT 1 

COMMON DRIVER OUTPUT 
OUTPUT 2 

SUPPLY VOLTAGE 

GND 

NON INVERTING INPUT 2 
INVERTING INPUT 2 
INVERTING INPUT 1 
NON INVERTING INPUT 1 
N.C. 


NMESBLEIE7-82 


MULTIWATT 11 

18 OUTPUT 1 

9 COMMON DRIVER OUTPUT 
8 OUTPUT 2 

? N.C. 

6 SUPPLY VOLTAGE 

5 GND 

4 NON INVERTING INPUT 2 
3 INVERTING INPUT 2 
2 INVERTING INPUT 1 
1 NON INVERTING INPUT 1 


N88L9389-82 
SIP 10 


THERMAL DATA 


Parameter 


Thermal Resistance Junction-ambient 
Thermal Resistance Junction-case 
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Figure 1: Typical Application (for SIP 10 version) 


REFERENCE 
VOLTAGE AND 
THERMAL 
SHUTDOWN 


N88L 9367-83 


Note: a) RS required only limit Izs whenever Vs exceeds Vzs voltage value. 
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L9307 - L9309 


ELECTRICAL CHARACTERISTICS (Vs = 14.4V; Tamb = —40°C to 85°C; Rs = 100Q Refer to the block 
diagram, unless otherwise specified.) 


| Symbol | Parameter Test Condition 


Hysteresis of the Input Vin = 200mVpp; f= 1KHz 
Comparator 
Input Bias Current eae) 


Input Offset Current 
Input Common Mode Range Vs =6 to 18V 


Output Short Circuit Channel Vi -Vi > 70mA 

(typ. SOA curve, see fig.2) Vout 1,2 = 16V 
Tamb = 25 to 85°C 
‘Tam = —40 to 25°C 
Vout 1,2 = 6V 


Driver Transistor Current Vi —Vit > 70mA 
Capability Vs =6-16V 
DC Conditions 
Pulsed: Ton = 2.5ms; d < 8% 


Output Current for Each (see fig. 2) 
Channel Vout 1,2 < 2V; 
Vi —V;* > 70mV 
lg = 100mA 
Vi —Vi > 70mV 
la = 100MA 
lout 1,2 = 1.2A 
Vii —Vr > 70mV 
Vs = 18V 


Supply Current 


Supply Current Vi - Vi > 70mV 18 | | ma | 


Voltage Clamp Supply Izs = 10mA 20 27 V 
Protection 


G-6142 


Ton =100us 
aos +—- Torte 20ms bas 
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« DARLINGTON OUTPUT STAGE 

a INPUT COMPARATOR WITH WIDE RANGE 
COMMON MODE OPERATION AND GROUND 
COMPATIBLE INPUTS 

» INPUT COMPARATOR HYSTERESIS 

a SHORT CIRCUIT PROTECTION OF OUTPUT 
WITH SOA PROTECTION 

a INTERNAL THERMAL PROTECTION WITH 
HYSTERESIS 

a SINGLE SUPPLY VOLTAGE FROM3.5V UP TO 
28V 


DESCRIPTION 


The L9308 is a monolithic interface circuit with dif- 
ferential input comparator and open collector output 
able to sink current specifically to drive lamps, re- 
lays, d.c. motors, electro valves etc. 


Particular care has been taken to protect the device 
against destructive failures - short circuit of outputs 
to Vs, SOA protection, supply overvoltage. 


BLOCK DIAGRAM 


bead CURRENT ike 
LIMITED * 


October 1990 


L9308 


DUAL LOW SIDE DRIVER 


MINIDIP 


ORDERING NUMBER : L9308 


A built in thermal shut-down switches off the device 
when the IC’s internal dissipation becomes too high 
and the chip temperature exceeds the security thre- 
shold. 


The input comparator hysteresis increases the inter- 
face’s noise immunity allowing the correct use in cri- 
tical environments as automotive applications. 
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L9308 


PIN CONNECTION (Top view) 


-IN2_ Inverting input2 
+IN2  Non-inverting input2 
OUT2 Output2 

GND Ground 


OUT1 Output 

Vst Supply 

+IN1 Non-inverting input1 
-IN1— Inverting input1 


N88L 9368-85 


ABSOLUTE MAXIMUM RATINGS 


Current Into Supply ‘ Tamb = 25°C, DC mA 

Clamp Zener Diode Pulsed (*) 80 mA 
ve") 
| to | Output current Internally Limited | 


(*) TON <2.5ms ; repetition time > 30ms. 
(**) The maximum allowed supply voltage without limiting resistor is limited by the built-in protection zener diode : see Vzs spec. 
values. If Vs is higher than Vzs a resistor Rs is necessary to limit the zener current Izs. 


THERMAL DATA 


Thermal Resistance Junction-ambient Max 100 
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ELECTRICAL CHARACTERISTICS (Vz = 14.4V ;— 40°C < Tamp, $ 85°C; Rg = 100 unless 
otherwise noted) 


[Symbol [Parameter | Test Conditions [win | Typ. [Max 

OR Lae a A 
Comparater f = tkHz 

ea EC GS 

a PWiteWr=0 | -_| #80 | #400 | nA _| 


Input Common Mode Range | V, =6 — 18V Vst — 1.6 
ame = 25°C 


SC Output Short Circuit Current | Vin — Vin > 7OmV 
for Each Channel Vs = 16V 
(see fig. 4) Tamb = 25°C to 85°C 

Tamb =— 40°C to 25°C 
VouT1,2 = 6V 


Tamb =— 40°C to 25°C 
V, -—V\* > 70mV 
louT1,2 =300mA 
Tamb = 25°C to 85°C 


Vi -Vr > 70mV 
Vs = 18V 
Vs =5V LA 


Supply aa ul - ah > 70mV or | 8 
with the Outputs connected 


Vesat = 1.5V mA 
Together 
t, Rise Time (see fig. 2) lout =50mA 2 us 
tr Fall Time Tamb = 25°C 2 
tach Delay Time On lout = 50mA 10 us 
tdoft Delay Time Off Tamb = 25°C 10 


Minimum Output Current 
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Figure 1 : Switching Time Test Circuit. Figure 2 : Switching Time Waveforms for Resis- 
tive Loads. 


t 
N@8L9308-04 9 OFF 


THERMAL F CURRENT 
SHUTDOWN LIMITED i 
WITH HYST. 
eae 


CURRENT as 
LIMITED had 


N8&8LI93B8-82 


Notes: a) Rs required only to imt Izs Whenever Vs exceeds Vzs voltage value. 
b) C1, C2 cut high frequency gain during current limiting. 
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Figure 4 : Typical SOA Characteristic. 


ISC(mA) 


1666 
386 
86B 
7 3B 
666 
966 
466 
366 
268 
168 


26 22 UCU) 
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» FOUR POWER OUTPUTS - UP TO 200 mA 
EACH ONE - FOR RELAIS DRIVING PROVI- 
DED WITH INTERNAL RECIRCULATION 

ns TWO PROGRAMMING INPUTS FOR 
WINDOWS OPERATING MODE SELECTION 

m ONLY TWO WIRES CONNECTING EACH 
KEYBOARD TO THE DEVICE 

a WINDOW STATUS DETECTION BASED ON 
THE MOTOR CURRENT RIPPLE 

ms IGNITION KEY AND DOOR STATUS SENSING 

a CLOCK FREQUENCY DEFINED BY AN 
EXTERNAL CAPACITOR 

a ESD PROTECTION 


DESCRIPTION 


The L9324 is a monolithic low side driver - realized 
with ST Multipower-BCD mixed technology - spe- 
cially suited as window lift in automotive environ- 
ment. The device drives four window motor control 
relais and it allows two possible window operating 


PIN CONNECTION (top view) 


IGNITION KEY INPUT 
PROGRAMMING INPUT P1 
PROGRAMMING INPUT P2 

DOOR INPUT 
SUPPLY VOLTAGE 


KEYBOARD SUPPLY OUTPUT 


AUXILIARY ODUTPUT 


SIGNAL GROUND 
KEYBOARD INPUT INTERFACE 


KEYBOARD INPUT INTERFACE 
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WINDOW LIFT CONTROLLER 


ADVANCE DATA 


modes : the automatic (one touch) and the normal 
mode. 


The window status (steady state, travel end) is chec- 
ked by means of the ripple absence on the motor 
current. 


The application circuit is able to withstand the load 
dump up to 80 V. 


The device is assembled in 20 Lead Plastic DIP. 


DIP20 


ORDERING NUMBER : L9324 


SUPPLY VOLTAGE SENSE 
CLOCK OSCILLATOR 

RELAY DRIVER OQUTPUT 

RELAY DRIVER OUTPUT 

POWER GROUND 

RELAY DRIVER OUTPUT 

RELAY DRIVER OUTPUT 
RIPPLE INPUT 

RIPPLE COMPARATORS GROUND 
RIPPLE INPUT 


MBELIZ2Z4 -A2 


April 1991 
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This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without neg 


L9324 


BLOCK DIAGRAM 


CHARGE 


Tr S 
p> LEF RELAI 


= 
PUMP y DRIVER © 
rT RIPPLE J 


CONTROL DETECTOR = 
O 


OSCILLATOR ALIN 


MN88L9I324-B1 


ABSOLUTE MAXIMUM RATINGS 


Symbol Parameter 


Vs D.C. Supply Voltage 
D.C. Reverse Supply Voltage - 


144, 15, Max. Relais Driver Output Currents 
17, 18 (in dump condition : Voump = 80V 5ms § trse < 10Ms) 
t Fall Time Constant = 100ms Rsource 2 0.52 


Junction and Storage Temperature Range — 55 to 150 °C 


THERMAL DATA 


Thermal Resistance Junction-ambient a OO 
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ELECTRICAL CHARACTERISTICS (Vpatt = 14V, -20°C < Tamb < 85°C, unless otherwise specified) 


| Symbol | Parameter |__—Test Conditions _—|_Min. | Typ. | Max. | 
| Vs___| Operatingsupply Voltage | Tt 
las__| Quiescent Current (OFF Condition) | 

| lgson | Quiescent Current (OFF Condition | | 80m 


Vovth (pin 20) Overvoltage Protection 
Threshold (power output stage 


Comparator Input Resistance 


Vath, V3th Programming Input Threshold 
Voltage 


Ignition Key Threshold Voltage | | 


ttaa Ripple Filter Delay Time at Motor 
Start-up 


Start-up Delay Time 
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FUNCTIONAL DESCRIPTION 


PIN FUNCTIONS 

1 - Ignition key input. This pin must be connected, 
through a resistor, to the ignition key ; in this way, at 
ignition key turn on (high level at pin 1), the full ope- 
rating mode of the device is enabled. The a.m. re- 
sistor, together an internal zener, provides to protect 


no effect when P1 is low. 


i ee ee 


The device is programmed to work in a rear module. The automatic mode is disabled for both the 
windows. The high to low transition of a signal applied to pin 4 changes, in this operating mode, the 
status of the auxiliary output ; the device is enabled only at ignition key turn-on. The input P2 has 


The device is programmed to work in a front module. The automatic mode is enabled for both the 
windows if the ign. key is on ; if the key is in off condition, the device works in traditional mode if 
one of the front doors is open, or it is disabled if both the front doors are closed. 


In this case too the device is programmed to work in a front module. The operating mode is as for 
the last case but the automatic mode, when enabled, is possible only for the left window. 


this input in load dump condition ; recommended 


value for this resistor is 47 K. 


2 and 3 - Programming inputs P; and P2. These 
two pins allow to programme the device operation 
mode, according to the following truthtable : 


Note : a logic level 0 in the above table means the pin connected to ground ; a logic level 1 means the pin open ; X = don’t care. 


4 - Door input. This input senses the doors status 
(open or close) when the device is programmed to 
work in a front module. This pin must be connected, 
via an external resistor, to the door switch normally 
present on all the cars for the inside lamp. A low vol- 
tage level on this input means that the door is open 
(inside lamp on), an high voltage level means that 
the door is closed (inside lamp off). In the rear mo- 
dule this pin is connected to a push button which al- 
lows to enable and disable the module. The external 
resistor, together an internal zener, provides to pro- 
tect the input against overvoltages ; recommended 
value for the external resistor is 100 ohms. 


5 - Supply voltage. This pin must be connected to 
the battery through a voltage limiter not to damage 
the device in load dump conditions (see the appli- 
cation circuit). 


6 - Keyboard supply output. The voltage on this 
pin is about 4 V and the output current capability is 
100 mA. An internal divider connected to this same 
voltage source generates the 4 thresholds for the 
keyboards interface input. This pin is connected to 
the two keyboards through two resistors (recom- 
mended value 100 ohms). 

7 - Auxiliary output. This output, by an external 
transistor, drives the relay necessary to enable the 
rear keyboard when the device works in a rear mo- 
dule. The output current capability of this output is 
20 mA. 

8 - Signal ground. 

9 and 10 - Keyboards input interfaces. This two 
pins are respectively connected to the left and to the 
right keyboard ; pushing one of the 4 pushbuttons 
of each keyboard a voltage is established on this 
pins. The device “understands”, by this voltage le- 


vel, which pushbutton has been pressed and exe- 
cute the command. This concept allows to have 
many functions with a limited number of wires be- 
tween the module and the keyboards. The voltage 
levels of the keyboards are then function of the pres- 
sed pushbutton as follow : 


2 MAC IMOM AIUD hac oecocatsnetustange evening 3/4 * Vping 
&; AUTOM AUC UP satcadeccedecsucntuaresentvess 1/2 * Vpins 
2; THaditlonal COW Mx zssscasseesscsadecesss 1/4 * Vpiné 
~ AUTOMATIC COWM..........ccccreeseeerees 0 


The recommended values of the keyboards resistor 
necessary to have the a.m. values are respectively 
180, 68 and 33 ohms (see schematic diagram). 

11 and 13 - Ripple inputs. These inputs sense re- 
spectively the ripple of the right and the left motor 
through 2 decoupling capacitors connected to the 
sense resistors. 

12 - Ripple comparators ground. This pin must be 
connected directly to the sense resistor ground, so 
to avoid bad operations of the ripple comparators. 


14, 15, 17 and 18 - Relay driver outputs. These 
outputs control the relais to drive the window motors 
in the correct way. The 4 power devices are also 
switched on during the relais current recirculation 
and in overvoltage condition to protect themselves. 
In this way the device can withstand overvoltages up 
to 80 V (t= 300 msec), because the current flowing 
in the output power devices is limited by the relais 
resistance. 


16 - Power ground. This pin is internally connected 
to the common power ground of the relay driver out- 
puts. 


19 - Clock oscillator. A capacitor connected bet- 
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ween this pin and ground set the clock frequency ne- 
cessary for the correct operation of the internal logic. 
Recommended value for this capacitor is 2.2 nF. 


20 - Supply voltage sense. This pin, connected by 
an external resistor to the battery supply voltage, al- 
lows the device to sense overvoltages ; in this con- 
dition, aS said above, all the relay drivers are 
switched on to protect themselves. 


APPLICATION INFORMATION 

The L9324 can perform two possible window oper- 
ating modes : the normal and the automatic mode. 
In the normal operating mode the window goes up 
or down until the keyboard push-button is pushed 
and the window is not stopped by obstacles. In the 
automatic mode, even after releasing the keyboard 


Figure 1 : Operating Modes. 


L9324 


push-button, the window continues its movement 
that is interrupted if another push-button is pushed 
or by an obstacle. The window status (steady state, 
travel end) is detected by the absence of the ripple 
on the motor current. The delay time between the 
ripple absence and the motor switch off is about 50 
ms. During the starting phase the motor is driven up 
to 250 ms even if the ripple is not present. 


The complete window lift system using L9324 is 
based on two modules, one for the front windows 
and the other for the rear ones. 


The possible operating modes, set by the program- 
ming inputs P1 and P2, are shown in the following 
diagram. 


PROGRAMMED FUNCTION: 
FRONT MOGOULE 


STANDBY CONDITION 
(DISABLED SYSTEM) 


LEFT & RIGHT WINDOU: 
AUTOMATIC & NORMAL 
NODE 


LEFT & RIGHT UINDOU: 


QNLY NORMAL NODE 


Pi-1 & P2-6 


PROGRAMMED FUNCTION: 
FRONT MODULE 
OFF Cer ON 
RIGHT <Ginaad> LEFT 


GQNLY NORMAL NODE 


CLOSE OPEN 
COOR 


STANDBY CONDITION 
(DISABLED SYSTEM) 


AUTOMATIC & 
NORMAL MODE 


LEFT & RIGHT WINDOU: 
ONLY NORMAL MODE 
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L9324 


Figure 2 : Operating Modes. 


STANDBY CONDITION LEFT & RIGHT WINDOU: 
(OISABLED SYSTEM) ONLY NORMAL MODE 


MN8ELIFZ4-G4 


Figure 3 : Application Circuit. 
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L9324 


Figure 4 : Complete Window Lift System. 
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( SGS-THONMSON 
JF WICROELECTRONICS L9326 


DUAL INTELLIGENT POWER LOW SIDE SWITCH 


PRODUCT PREVIEW 


DUAL POWER LOW SIDE DRIVER WITH 
» INTERNAL OUTPUT CLAMPING DIODES 
VeB = 50V FOR INDUCTIVE RECIRCULATION 


a LIMITED OUTPUT VOLTAGE SLEW RATE 
FOR LOW EMI 


» uP COMPATIBLE ENABLE AND INPUT 


»s WIDE OPERATING SUPPLY VOLTAGE 
RANGE 6.5V TO 40V 


» REAL TIME DIAGNOSTIC FUNCTIONS: 


- OUTPUT SHORTED TO GND 

- OUTPUT SHORTED TO VSS S024 (16+4+4) 

- OPEN LOAD . 

- OVERTEMPERATURE ORDERING NUMBER: L9326 


a DEVICE PROTECTION FUNCTIONS 
- OVERLOAD DISABLE 


- THERMAL SHUTDOWN BCD mixed technology. It is especially intended 
to drive valves in automotive enviroment. Its in- 
puts are uP compatible for easy driving. Particular 

DESCRIPTION 


ee care has been taken to protect the device against 
The L9326 is a monolithic integrated dual low failures, to avoid electro-magnetic interferences 
side driver realized in an advanced Multipower- and to offer extensive real time diagnostic. 


BLOCK DIAGRAM 


CHANNEL 1 


a UNDERVOLTAGE 


ce 
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L9326 


ABSOLUTE MAXIMUM RATINGS 


| symbol | Parameter | Value | Unit 
| VSta___| Transient Supply Voltage ts500ms_ | 
| to | OutputLoad Current | internaliimited | 

VOre 


ee 
rex a ee eae as 
6, a eons ime ee 
ne eee ee 
ear Sema rae ete eee 
aor ne eee cs 

= 


Junction Temperature during Switch-off 175 
Junction Temperature — 40 to +150 
Storage Temperature —55 to +150 


PIN CONNECTION (Top view) 


won naw fF WN & 


16 
14 


ay 
N 
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THERMAL DATA 


| Symbol | Parameter | Value | Unit _ 
Thermal Disable Junction Temperature Threshold 160 to 190 
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ELECTRICAL CHARACTERISTICS (Operating range: 6.5V < VS < 32V (45V for ts 500ms), 
— 40°C < Ty < 150°C unless otherwise specified). 


| Symbol | _— Parameter | Test Condition | Min. | Typ. | Max. | Unit _| 
| 1Qu | OpenLoadGurrent | Ven=Vw=H | 25 | 125 | 250 | mA | 


lOu 
Ven=L 


| 100 | OverLoadGurrentThreshold [T<isoc | | 
| RO__| Internal OutputPullDown | Ven=L_ tt | || K 
| Venn | LogicinputLow Voltage | VS>4.5V_lenwstomA | -15 | | at | 
Logic Input High Voltage | VSaasv | | 8 | 
02 | o4 {| | v | 
| Rosow | OutputonResistance | T= 150°C _VS>9.5V lo=2A | | 400 | 500 | mo | 
Output Voltage During Clamping} 5 | 82 | co | 
| ISsa_| StaticStandby Supply Current_ | Vew=L_ | | | tm 
| 1S | DC Supply Current | Ven=Vin=H | | || mA 


IDLe Diagnostic Output Leakage VS = 0 or VS = Open; 1 
Current VD =5.5V T,< 125°C 
Diagnostic Output Current VD <20V DIAG=L 
Capabilit 

too Diagnostic Overload Delay 50 20 
Switch-off time 


to 10u Open Load Diagnostic Delay R 
Time 


DIAGNOSTIC TABLE 
Operating Range: 6.5V < VS < 32V (45V for ts 500ms), — 40°C < Ty < 150°C 


| Conditions =| EN] Nt Siig 
Normal Function L X OFF L 
H L OFF L 
H H ON (*) H 

Over Load lo > 5A OFF 
160°C < T, < 190°C X L OFF H 
Overtemperature X H OFF L 
Open Load X L OFF H 
Vo <0.6V L H OFF H 
lo < 250mMA H H ON (*) L 


(*) For VS <6 5V, Out = Undefined 
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Figure 1: Diagnostic Overload Delay Time 
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Figure 2: Output Slope 


8.15US 
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Figure 3: Application Circuit Diagram 


CHANNEL 1 
— shri 
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CIRCUIT DESCRIPTION 


The L9326 is a dual low side driver for inductive 
loads like valves in automotive enviroment. The 
device is enabled by a common CMOS com- 
patible ENABLE high signal. The internal pull 
down resistances at the ENABLE and INPUT pins 
protect the device in open input conditions 
against malfunctions. An output slope limitation 
for du/dt is implemented to reduce the EMI. An in- 
tegrated active flyback voltage limitation clamps 
the output voltage during the flyback phase to 
50V. 


Each qriver is protected against short circuit con- 
dition -’ the output will be disabled after a short 
delay time tDOL to suppress spikes “. This dis- 
able is latched until a negative slope occure at the 
correspondent input pin. The Thermal disable of 


L9326 


ZUALVE 


ZUALUE 


NI2ZLIIZE-EG5 


the output will be reseted if the junction tempera- 
ture decreases below 160°C. 


For the real time error diagnosis the voltage and 
the current of the output is compared with internal 
fixed values VOu and IOu to recognize open load 
(RL 2 20 KQ) in ON anf OFF conditions. 

The diagnostic output level in connection with dif- 
ferent ENABLE and INPUT conditions allows to 
recognize four different fail states, under voltage, 
over load, overtemp and open load. 

The diagnostic output is also protected against 
short circuit up to UDmax. 


1) overstepeing the over load current thereshold IO. 


2) During the diagnostic overload delay switch-off time too the output 
current will be limited only by the Roson of the output 
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Figure 4: Logic Diagram. 
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{ SGS-THOMSON 
JF WICROELECTRONICS L9341 


QUAD LOW SIDE DRIVER 


PRODUCT PREVIEW 


DU/DT AND DI/DT CONTROL MULTIPOWER BCD TECHNOLOGY 
PWM CONTROLLED OUTPUT CURRENT 


SHORT CURRENT PROTECTION AND DI- 
AGNOSTIC 


a INTEGRATED FLYBACK DIODE 
a UNDERVOLTAGE SHUTDOWN 


» OVERVOLTAGE AND UNDERVOLTAGE DI- 
AGNOSTIC 


» OVERTEMPERATURE DIAGNOSTIC 


Multiwatt 15 


ORDERING NUMBER: L9341 
DESCRIPTION 

The L9341 is a ee integrated circuit real- 
ized in Multipower BCD-II mixed technology. The 
driver is Peace for inductive loads a syn- drivers. The output voltage and current rise and 
chronous PWM applications, especially for valve _‘fall slopes du/dt and di/dt are controlled. 


BLOCK APPLICATION DIAGRAM 


UNDERVOL TAGE 
SHUTDOUN 


di/dt&du/dt 
CONTROL 


SERIAL 


INTERFACE 


4 
=e 
k—_— ~ CHANNEL 2 


CHANNEL 3 


CHANNEL 4 
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PIN CONNECTION (Top view) 


OUT3 
OUT4 
SDO 
REXT 
SCLK 
RES2 
RES1 
GND 
Us 
osc 
SDI 
Ucc 
cS 
OUT1 
OUT2 
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ABSOLUTE MAXIMUM RATINGS 


Symbol Parameter 
Vcc Voltage Range -0.3 to 6 
Vs Voltage Range -0.3 to 24 
Vst 


VS Voltage Range for t< 400ms -2 to 40 
| __Vst__|_ Schaffner Transient Pulses on Vs 


Vout Output Voltage Range for all Outputs: 
Negative —0.3 
Positive intern. clamped to Vs 
lout Output Current for all Outputs: 
Negative 4 
Positive 2.5 


Po Schaffner Transient Pulses on Output see note 2 
ESD Voltage Capability (MIL 883 C) 2000 


V 
V 
A 
A 


V 


THERMAL DATA 


| Symbol _ Parameter | Value | Unit _| 
Thermal Resistance Junction to Case 
Thermal Resistance Junction to Ambient mounted on PC Board °C/W 


C 
Thermal Diagnostic 
1. Schaffner transient specification: DIN 40839 test waveforms of the following type: 1, 2, 3a, 3b, 5 and 6. 


Notes: 
The pulses are applied to the application circuit according to fig. 3. 


2. The maximum output current results from the Schaffner pulses specified in note 1. 
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ELECTRICAL CHARACTERISTICS (Unless otherwise specified: 8V < Vs < 2 
40 °C < Tj < 150°C; lo < 1A (note 3); lo < 1.5A; Vsp = Vs for ts 400ms; Rext = 12. 


| Symbol | Parameter Test Condition | Min. | 
Voc Gulescom Current All Outputs Off a 


aN 
A< 


| leg | Vs Quiescent Current_____|_ All Outputs Off 
VeeUndervottage Threshol 


Vec Range for RES1 and RES2 V 
Operation 
ee Resistance lb=1A T,=125°C 750 mQ 
T, = 25°C 450 mQ 


ae off Off State Output Current Outputs Off 

1.4V<Vo<sVs 2 5 mA 
Vouto = = Vep = 40V 2 10 mA 

Vout Output Voltage During Flyback ss = =e Output Off 
25°C Vs +1.3 V 
= — 125°C Vs +1.1 V 

Current to GND during Flyback = 1A Output Off 
(see note 5) = 24V 44 mA 
Ve = 40V 52 mA 


Reverse Leakage Current Vsp - Vo = 40V |__| 00 | wa _| 
Low Input Level of SCLK, 0.7*Vee Vect0.3 
SDI, CS, RES1, RES2 
Low Input Level of SCLK, 0.3*Vcc 
SDI, CS, RES1, RES2 
VREShys Hysteresis of Reset Inputs 0.3 
RES1, RES2 
Inout Currenton RES1,RES2 | RES, = H; 2V < Vsp < 8V e 10 10 | wA 
RES, = H; 8V < Vsp $ 40V 10 WA 


| tim | Input Currenton SCLK,SDI,CS | —2V<Vsp<40V | -i1o0 | | 10 | pa | 
High Level SDO Output Voltage | Ispo =-1MA -2V<Vep <40V. | 0.9*Vecl «| Voc «| OV 


Low Level SDO Output Voltage | Ispo = 1MA -2V < Vep < 40V a ae V 


SDO Tristate High-Z Leakage 0 <Vspo $ Vee 10 LA 
Current —2V <Vsp < 40V 


| PWMauy | PWMDutycyce | tw | tt | 
| _Ki ___| Frequency Accuracy Constant_| See Note 6 


Vilyth Flyback Diagnostic Comparator | 40 2 Vsp 2 8V " 7 - 0.4 
Threshold Vs $ 8V 


Vottth Off State Diagnostic 1 - 
a cae 
| tout __|_ Output Current Limitation Threshold peme oote t tet 
Delay Time PWM Signal to Out. inane el Te 


ee cutee Voltage Rise and Fall (from 10 to 90% of CE uae Fig. 2 ey 
Loe eae du/dt 


Output Current Rise and Fall 0.5< eo <1.5A hoe Ee a 
Slope |di/dt| 0.1<lo<0.5A 25 100 | mA/ps 
(from 10 to 90% of Io) 


Notes: 


= 
3. The mean value is lb = A | Io (t) dt ; 
To 


4. The outputs are switced off for Vcc < Vecu. The logic is not reseted For a reset, RES1 or RES2 must be used. 

5. This current is measured tn the GND - terminal when one single output is in flyback and consists of the supply current added to the value 
of the output current source and the leakage current of the flyback diode. This leakage current i : less than 1% of the nominal flyback current. 

6. The PWM frequency is defined by an external capacitor. The PWM oscillator frequency is: fpwm = od = with fose = at: 1AV and Kin = 15 - 10°; 
the range is: 300HZ < fpwm $ 3000Hz. The OSC Pin can be alternatively driven by an external TTL / CMOS signal. 

7. For lout 2 lous an internal comparator switches the corresponding output off for the current PWM cycle. 
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Figure 1: Logic Diagram of PWM Generation. 
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Figure 3: Test Circuit for Schaffner Pulses. 
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Figure 4: Synchronous Serial Interface Protocol. 


CS ake T 
ci TL 
sor Z777[nse] aaa [a2] ae- ap 2] 2 ey 
soo —V7Arse] i [epee | ae 3] 2s [ose}_ — 


cs | ee oe 


telcl: tchel tch tcl tclch: tchch, 
+ i ge “es 4—__—_—_ pe ——__ > 


126, eee ih) eee IA (eee mel 2722 
Su: th | 
S01 LLLLLLLLL IK 18 XLLLLL LL @XLLLLLLLL. 


telz:, ‘td ‘tzeh 


SDO 2X =X 8 
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| tn | Width of Clock InputHighPuls | min. 200ns_ | 
| ta | Widhof Clock InputLowPuls st min. 00nd 
| tar | ClockLowBeforecStow | min. 200mg | 
| tena | ClockHighAftercSLow min z00ns | 
in. i eee 

| ee ee 


Clock Low Before CS High 
Clock High After CS High 
SDO Low-Z CS Low 


tch 
tel 
SDO High-Z CS High 


pmax. 200ns 
| tu | SDiinputSetupTime min ons | 
| ty | SDlinputHoldTime mins ons | 
| ta | SDO Output DelayTime(G.=50pF) | max t00ns 
SDO Output Hold Time pininOne! 
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Figure 5: PWM Generation Function Table. 


| pw2 | pws | Pwd | OUTPUT 
| ge | tte S| tt | ON 


Figure 6: PWM Information From Microcontroller to QLSD. 


Contents 
WM Duty Cycle for Channel 1 / Bit 0: LSB 
PWM Duty Cycle for Channel 1 / Bit 1 
PWM Duty Cycle for Channel 1 / Bit 2 
WM Duty Cycle for Channel 1 / Bit 3 : MSB 
WM Duty Cycle for Channel 2 / Bit0 : LSB 
WM Duty Cycle for Channel 2 / Bit 1: 
WM Duty Cycle for Channel 2 / Bit 2: 
WM Duty Cycle for Channel 2 / Bit3 : MSB 
WM Duty Cycle for Channel 3 / BitO0’: LSB 
WM Duty Cycle for Channel 3 / Bit 1: 
WM Duty Cycle for Channel 3 / Bit 2: 
WM Duty Cycle for Channel 3 / Bit 3 : MSB 
WM Duty Cycle for Channel 4 / Bit0 : LSB 
WM Duty Cycle for Channel 4 / Bit 1: 
WM Duty Cycle for Channel 4 / Bit 2: 
PWM Duty Cycle for Channel 4 / Bit3 : MSB 


4 


UlvU 


UV 


15 


P43 
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Figure 7: PWM Information from QLSD to Microcontroller. 


Current at Negative Edge of PWM2 (0: lout > lout; lout < lout) 
Current at Negative Edge of PWM4 ( 0: lout > lout! ; lout < lout 


Framing Information (always 1) 


FUNCTIONAL DESCRIPTION 


The U511 is a PWM quad low side driver for in- 
ductive loads. The duty cycle of the internal 
generated PWM signal is set by a microcontroller 
via a serial interface for each output. An output 
slope limitation for both dv/dt and di /dt is im- 
plemented to reduce RFI. The PWM generation is 
realized avoiding a simultaneous output switch- 
ing. As a result, di/dt becomes smaller. Integrated 
flyback diodes clamp the output voltage during 
the flyback phase of the low side switches. 


The driver is protected against short circuit and 
thermal overload. An undervoltage shutdown cir- 
cuit switches off all outputs if Vcc is less then Vecu. 
Below the shutdown voltage all outputs remain in 
off state regardless of the input state. After each 
malfunction which resets the driver, only the serial 
link interface can reactivate the normal function. 
In case of overcurrent (lout = loutt), an internal 
comparator switches the output off. The overcur- 
rent information can be read via the serial link for 
each driver separately at the negative edge of the 
corresponding PWM signal. 


The interface to the microcontroller is realized 
with a 16 bit synchronous serial peripheral inter- 
face (SPI). If CS is switched low, the serial link 
becomes active and SDO goes to low impedance. 
At the rising edge of the SCLK signal, one of the 
16 bit of data stored in a shift register appear se- 
quencely at SDO. These data contain the 8 error 
flags, the status of thermal shutdown and the ex- 
ternal reset sources RES1, RES2. The last bit is 
framing information (see fig. 7). At each falling 
edge of SCLK, one of the 16 bits of data sent by 
the microcontroller is transferred via the SDI input 
to the driver. These data contain the duty-cycle 
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information for the internal PWM generation (4 
times 4 bit). 


On the rising edge of CS the previously stored in- 
formation is transferred to the circuits. SDO 
become now high impedance and SDI is inactive. 
The serial interface of the QLSD is cascadable 
with the serial link interface of another QLSD, 
thus obtaining a 32 bit serial link information wich 
can control eight inductive loads. For a safety 
data transfer the takeover of data bits is only real- 
es ae the number of SCLK - clocks is n x 16 
n21). 


The PWM duty cycle is set by 4 bit for each out- 
put independently via the serial link. If all four bits 
for an output are zero, the output is turned off, but 
the error diagnosis will work correctly (see fig. 6 
and 7). The PWM frequency is defined by an ex- 
ternal capacitor on the OSC pin. Rext defines 
through the reference current the output current 
slope, the diagnostic current sink and the internal 
oscillator frequency (together with Cosc). 


For error diagnosis the voltage on the output is 
measured during‘the on and off state of the par- 
ticular output driver. Upon the rising edge of the 
PWM signal (at this moment the power output is 
off and will be switched on) the status of COMP1 
is stored into an internal latch. On the falling edge 
of the PWM signal ( the power output is on and 
will be switched off) the status of COMP2 is 
stored into another internal latch. This information 
can be read via the serial link for each output 
driver separately (see fig. 7). 


Overtemperature is diagnosed by a flag which 
goes to a low logic level if the junction tempera- 
ture rises above 150°C. This flag can be read on 
the serial output. 
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a LOW SATURATION VOLTAGE 

a TTL COMPATIBLE INPUT 

» WIDE SUPPLY VOLTAGE 

» VERY LOW QUIESCENT CURRENT 
(30mA max) 

a NO EXTERNAL COMPONENTS 

a INTERNAL RECIRCULATION PATH FOR 
FAST DECAY OF INDUCTIVE LOAD CUR- 
RENT 

a SHORT CIRCUIT PROTECTION 

a FAILSAFE OPERATION : OUTPUT IS OFF IF 
THE LOGIC INPUT IS LEFT OPEN 


DESCRIPTION 


The L9351 is a monolithic integrated circuit desi- 
gned to drive grounded resistive, inductive or mixed 
loads from the power supply positive side. Very low 
standby current (30mA max.) and internally im- 
plemented protections against load dump and 
reverse voltages make the device very useful in 
automotive applications. No external components 
are required because the output recirculation 
clamping zener is included in the chip. This zener 
can withstand a recirculation peak current of 550mA 
on a 80mH/25Q. load. 


BLOCK DIAGRAM 
SUBSTRATE 


BLOCKS & 
REFERENCE 


THERMAL 
PROTECTION 


COMPARATOR 


DUMP 
PROTECTION 


DRIVING & 
ANTISATURATION 
CIRCUIT 


L9351 


HIGH SIDE DRIVER 


ADVANCE DATA 


Pentawatt 


ORDERING NUMBER :L9351 


The device is self-protected against overtempera- 
ture, overvoltage and overcurrent conditions. The 
L9351 operates over the full battery voltage range, 
from 4.5V (cold cranking) up to 24V (jump starting). 
The L9351 withstands revers battery conditions (- 
13V) and supply voltage transients up to 80V limi- 
ting the maximum output transistor Vec to 70V by an 
internal zener. ON and OFF delay times of 25us max 
in any output status, including recirculating situation, 
allow PWM use of L9351. 


CURRENT 
LIMIT Jf 
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L9351 


PIN CONNECTION (top view) 


os INPUT 
4, —Cs—‘(‘CUUD> «6UGGND 
<1 ae SUBSTRATE 


20 «COUTPUT 
1 SUPPLY VOLT. 


N92L 9351-82 


Note : Pin 3 must be left open or connected to ground. 


ABSOLUTE MAXIMUM RATINGS 


eT 
Low Energy Spikes : Rgource 2 10Q, trise = 11S, 


V D.C. Supply Voltage 
tf = 2ms, fr Repetition Frequency = 0.2Hz 


Ss 

D.C. Reverse Supply Voltage 
Load Dump : 5ms § tnse < 10ms 

input Voltage 


t+ Fall Time Constant = 100ms, Resource 2 0.52 
Prot Total Power Dissipation at Tcase = 90°C 
Junction and Storage Temperature — 55 to 150 


THERMAL DATA 


Rinj-amb| Thermal Resistance Junction-ambient Max 80 °C/W 
Rtnj-case| Thermal Resistance Junction-case Max 3.5 °C/W 
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ELECTRICAL CHARACTERISTICS 
(Vs = 14.4V, — 40°C < Tj < + 125°C unless otherwise specified). 


| Symbol | __—Parameter__——|__—Test Conditions |_Min. | Typ. | Max. | Unit | 
| vs | Operating Supply Voltage | ts | 
inf immu vategs igh __)4S<vs<24 fag ff 
| Vn | Input Voltage Low ae ee 
|| inputcurent ft otewcssv | tog 


IPL Output Leakage Current Vo=0V Vs = 24V 
Vi <0 8V 


V sat Output Saturation Voltage Fio=125mAVs=45V || 
flo=225mAVs=14.4v | 
flo=S50mAVs=14.4v | 

| Output Short Circuit Current, | | | ts | 
aaa 


| isc | 

BN NO 
| Vi < 0.8V Stand-by Condition _| Lac 
on V; Transition from "1" to "0" 

eee 20 | us | 


Turn ON Delay Resistive Load Ri = 25Q, 
Turn OFF Delay T, = 25°C (fig.2) 


Figure 1 : Typical Automotive Application Circuit. 


Ut (5-24) @.1uUF 


LOGIC INPUT — RELAY, VALVE COIL, 


"9"<9.8U SOLENOID 


OR OPEN 
"4">2U 


U+t (5-24) @.1uUF 


UNIDIRECTIONAL 
DC MOTOR 


PWM MODULATED 
SIGNAL, F-2KHz 
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Figure 2 : Resistive Load. 
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Figure 3 : Inductive Load. 
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DUAL INJECTION DRIVER 


ADVANCE DATA 


a» WIDE SUPPLY RANGE (5.5 - 40V) MULTIPOWER BCD TECHNOLOGY 

a VERY LOW ON RESISTANCE (TYP. 300mQ) 

» OUTPUT CURRENT UP TO 2A 

a HIGH PERFORMANCE DIAGNOSTIC Clipwatt 11 

» UNDERVOLTAGE DISABLE 

» OVERVOLTAGE AND SHORT CIRCUIT PRO- ORDERING NUMBER: 
TECTION L9360 

a CMOS COMPATIBLE CONTROL INPUTS 

DESCRIPTION bs 4 Multiwatt 11 

The L9360 is a monolithic dual low side smart ; 

Power switch with DMOS power outputs, rated for Pee oe 

operation in automotive environment. 

It is intended to drive injectors connected to the SO20L (124444) 

positive battery voltage. 

Thanks to its CMOS compatibility and its high ORDERING NUMBER: 

performance diagnostic it is very well suited for L9360D 


handshake data with a microcontroller. 
BLOCK DIAGRAM 
OSCILLATOR 


CLOCK 
GENERATOR 


BIASING 
+ RESET 


UCC Q 
DATA OUT O 


cS 
DATA IN 
N92L 9368-818 
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ABSOLUTE MAXIMUM RATINGS 


Symbol 
| Vs___| Supply Voltage 
Output Clamping Current 
Output Dissipated Energ | 
7 
7 


Vs 
| si ImputVoltage —“C—*éi—“‘“‘iTSC 
Vid 


| Via__ | Data Pin Voltage a: ae 
Reverse Data Pin Voltage 


Storage Temperature 
Operating Junction Temperature 
Thermal Overload Detection Temperature 
Thermal Threshold Hysteresis 
Protected According to MIL883C i, <i 


PIN CONNECTIONS (top view) 


°C 
°C 
°C 
°C 


PP 
MPNWAHOOANDAUWE NR 
QO pe 


PNW FH Nn w io 


N92L9IR68-G8 


Clipwatt 11 Mulwatt 11 


won aunt WN PRP 


r=s 
® 


$020 124444 
NG2ZLIG3SEE-89 


THERMAL DATA 


Rth j-amb Thermal resistance junction to ambient Clipwatt 11 


Multiwatt 11 60 
Rth)-pins Thermal resistance junction to pins SO20L 20 
Rth j-case Thermal Resistance junction-case Multiwatt 11 3 
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ELECTRICAL CHARACTERISTICS (Vs = 5.5 to 25V, Vcc = 4.5 to 5.5V, Tj =-40 to 150°C unless other- 
wise specified; the voltage and currents are assumed positive, when oriented in the arrows direction 
shown in the application circuit diagram) 


OUTPUT STAGE (EACH CHANNEL) 
Symbol Test Condition | Min. | Typ. | Max. | Unit_| 
Rpson On Resistance VI = HIGH, Vs >7V 300 600 mQ 
Vi = HIGH, Vs <7V 400 1000 mQ 
Out Short Circuit Current ieee ed eae 


3 | 4 
| Voc.__| Output Clamping Voltage [| lo=-0.2mA—— ——C—ié‘iL:«C0.—=«éd=ségto._—*«|fs t0 |_—sV_—sC*7 
Vi = LOW, see Fig. 5 i 


Internal Output Resistance 


SUPPLY VOLTAGE 


| Symbol | _—s Parameters |_—S—sTestCondition _—|_Min. | Typ. | Max. | Unit _| 
| Iccoc | DCSupplyCurrent(vcc) | —“‘S;WC*rLCd; Ct CT 2 | ml 
is | Supply Current (Vs) FVieVe-LOW sd | 7 | ma 
|Vi=Ve-HIGH  ——ss—sd| S| st | 25 | mA 
| Vin=Ve-HIGH; Vs=14v | | 10 | |ma_ 

CONTROL INPUTS 


| Symbol | __—~Parameter_— |S Test Condition | Min. | Typ. | Max. | Unit 
| Vn | inputtowLevel =f vcceov Tk 
ce i ae 
|Win | InputThreshold Hysteresis, | | tt | te | 
| tdon | InputtoOutDelayTime | Pu=14Q;Ve-tav | ts | to | s 
| ton | OutputRiseTime | = t4Q;Ve=tav | | 8.5 | to | s 


| taorr | InputtoQutDelayTime | Pu=14Q;Vertav | | | ts 
| tor | OutputFalitime | = t4ive-tav || te | tos 
Fin | InputResistance | st t00 *| 200 | 300 | KO | 


DIAGNOSTIC & PROTECTIONS 


| Symbol | __—Parameter__— | Test Condition |_Min. | Typ. | Max. | Unit_| 


CS Input LOW Level REG S6V tn i es | 
| Vou _| DatalnputLOWLevel sss [| Vec=5V—— es — —C~sYsC“(<;SSCSsdLC‘i] TCS | CV 
| Vow. | CKInputloWLevel sss | Voc=5V—— —“i;i‘iLSC“‘LS 2 OP 5 | UV 
| VosH_ | CSinputHiGHLevel sss | Vcc=5V—— —“*;‘“‘C;*L:COSS:C CLC | 
| Vow | DatalnputHIGHLevel | Voc=5V—— —“(tis*‘“‘;*‘*L:«C CS | 8 || CU 
| Vox | CKInputHiIGHLevel =—s—ss| Voo=5V——C eC —Ciéi‘iL:C WSC ST |] 
| Voor | DataOutputLlow sf tn =tmA—“(ss—“‘C;WC*rSC*d:C«Cds| ts | CU 
| Voon | DataOutputHIGH | too = -200UA;Voc=5V_ | 4 | CT CCT CC 
| loo. __| DataOutputLeakage Current |[Voo=Voc  —S—s | S| 1 | t0 | pA 
aun del 
for Open Load Detection 
Output Excessive DropThresh_|Seefig.5 === || 2 =| 25 | UT 
ee lceeareeeeegew [ems TT 
Short to GND Detection 
| toose | Output ShorttoGND SwitchOFF | —C—“‘“;CSCS#*rLSC*CSSCSO | 150 | pts 
Stochastic Error 
Time for Error Recognized [Seefig 4 SC] SCT 50 | 150 | os | 
| fos __| Internal OscillatorFrequency | —“‘;‘“‘;SN;SC*dLC CCT S00 | SK 
| fox | ExternalClockFrequency | —“(‘“‘;W C*TCCCCUdTTCCLUdL at CMe | 


3/7 
keyg SGS-THOMSON —— 
‘J4 Nicrogecromes 


L9360 


CIRCUIT DESCRIPTION 


The device is realized in the BCD100 technology 
which combines CMOS logic, bipolar components 
and as output stages DMOS transistors which 
can withstands 100V drain-source voltage. 


Via the CMOS compatible inputs (IN1, IN2) the 
power DMOS can be switched ON and OFF inde- 
pendently from each other. All functions of the de- 
vice are guaranteed between 5.5V and 40V sup- 
ply voltage. Between 5.5 to to 7V supply voltage 
the typical drain-source resistance increases from 
250mQ to 500mQ typ. With this limitation a 
charge pump could be avoided. 


For Vs below 5.5V the device can be disabled. 
Both outputs are switched OFF independently 
from the input status. The data output is switched 
to tristate. In the undervoltage mode (Vs < 5.5V) 
a possible failure status was reset. Below 3V the 


chip functions are not defined. The device is pro- 
tected against short circuit to supply but not pro- 
tected against thermal overload due to security 
reason. Only via the diagnostic the system is in- 
formed about a thermal overload and the other 
possible failure modes which are described sep- 
arately. A quasi digital filter avoids that short time 
stochastic failures are stored in the diagnostic 
register. 


When a short circuit to the supply is recognized 
and stored in the diagnostic register the output 
transistor is switched OFF. The output can be 
switched ON again only via a new input pulse. 


The device needs a second supply voltage (Vcc) 
which comes normally from the same supply as 
for the pC. 


This voltage supplies the logic and avoides prob- 
lems whith logic leve!. disturbances. 


Figure 1: Two Chip Solution To Drive Four Valves: Parallel Data Out 


OSCILLATOR 
CLOCK 
GENERATOR 


FAIL FLYBACK 
eee CONTROL 
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() 
©) 


OSCILLATOR 
CLOCK 
GENERATOR 
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Sie 


DATA ao 
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Figure 2; Two Chip Solution To Drive Four Valves: Serial Data Out 


OSCILLATOR 
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DIAGNOSTIC 


DIAGNOSIS 


The diagnosis is able to detect the following 

states: 

as OUTPUT SHORT-CIRCUIT TO BATTERY 
(SUPPLY VOLTAGE) 

ws OUTPUT SHORT-CIRCUIT TO GROUND 

n OPEN LOAD 


a THERMAL OVERLOAD 


READING OF THE DIAGNOSIS REGISTER 


A low signal at the chip select CS-input and a 
positive edge of the clock signal at CK-input starts 


BIASING 


FAIL FLYBACK 
MONITORING} CONTROL 


Ext 


N92L936@-838 


the reading of the diagnosis register. 


The serial diagnosis register (Ref. to figure 3) is 
loaded synchronously with CK-signal at DA- 
TAOUT and new data fed through DATAIN as 
long as CS is “LOW”. 


After the nineth clock cycle the first DATAIN in- 
formation is present at DATAOUT. The STATUS 
BIT 0 is “HIGH if one diagnosis register is set or 
the DATAIN-input is "HIGH", hence the presence 
of a failure can be detected by BIT 0. 


The positive edge at CS clears the diagnosis reg- 


ister. During reading the diagnosis register (CS = 
“LOW?") the single bits cannot be changed. 
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Figure 3: Serial Diagnostic 


pataorteire X siti X Bitz X B73 X Blt4 X BITS X Bits X Bil? XK Bite X BITS KBIT10) 


—~_YY OUT 4 OUT 1 QUT 1 

STATUS | THERMAL | OUTPUT | OUTPUT OPEN 
OVER |SHORT TO/SHORT TO| LOAD 
LOAD | BATTERY | GROUND 


INTERNAL DIAGNOSTIC REGISTER 


CASCADING OF SEVERAL INJECTOR 


DRIVERS 


The possibility is given to read the diagnosis reg- 
isters of several injector crivers via one diagnosis 
bus. Additionally the user can choose between 
two versions. 


1. (figure 1): 
The CK and DATAOUT terminals of the injector 
drivers are connected in parallel to the diagnosis 


bus. Each IC is provided with a separate CS-wire. 
The DATAIN-input is connected to GND. 

2. (figure 2) 

The CK and CS terminals are connected to the 
parallel diagnosis bus. The data line is connected 
in series through the terminals DATAIN and DA- 


TAOUT or each single IC. The DATAIN input of 
the first IC must be connected to GND. 


The first version allow to read the desired diag- 
nosis register immediately after the CS-signal is 
applied. in the other version all diagnosis regis- 
ters have to be read one after the other whereby 
only a 3-wire bus is sufficient. In the other case 
each IC needs a separate CS-lead to the processor. 


.FAILURE DETECTION 
Except the overtemperature signal all failure sig- 


Figure 4 


FAILURE 


FILTER FUNCTION 


OUT 2 OUT 2 OUT 2 
OUTPUT 
SHORT TO/SHORT TO] LOAD 
BATTERY | GROUND 


SY’ 


OUTPUT OPEN DATAIN 


NG2LI3I6E-84 


nals are filtered before setting the corresponding 
BIT in the diagnosis register. 


The filter checks whether the failure signal is 
present during three times running the measure 
cycle within Ts. Spikes shorter than tes are ig- 
nored. 


THERMAL OVERLOAD 


If the chip exceeds Tysp the “thermal overload”- 
BIT is set. Because the transistors are not 
switched off the element can be thermally de- 
stroyed if the control does not set the IN1 and IN2 
inputs to “LOW”. 


OUTPUT SHOTR-CIRCUIT TO BATTERY 
(BIT2/5) 


The output currents lo1/2 are internally limited to 
3A (typ).If the output current reaches the current 
limit the power DMOS leaves the resistive region 
and changes to the saturation region. 


Consequently the drain source voltage increases 
and after reaching of typ. 2V the “output-short-cir- 
cuit to battery” BIT is set and the power DMOS 
are switched off. 


Repetitive control of INi and IN2 inputs (low-high 


sequence) switches on the DMOS again. But the 
bit in the diagnosis register is not resetted. 


FILTER OUTPUT eS es 
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Figure 5: Principle Of Internal Diagnostic Detection 
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OUTPUT SHORT-CIRCUIT TO GND (BIT3/6) A window comparator detects the output voltage 
AND OPEN LOAD (BIT4/9). and sets the “open load” BIT if the voltage devi- 


ates more than +/-0.25Vs from 0.5Vs. But if the 
output voltage decreases below 0.16Vs the “out- 
put short circuit to ground” BIT is set. 


In case of the switched off power DMOS the inter- 
nal 20K resistors R1 and Re divide the output volt- 
age to half the supply voltage without load (fig.5). 


Figure 6: Diagnostic Detection Voltage Range 
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QUAD INTEGRATED LOW SIDE DRIVER 


mw LOW ON RESISTANCE (0.250 EACH OUTPUT) 

» VARIOUS FAULT SITUATION DETECTOR 
(SHORT CIRCUIT, OPEN LOAD) 

a LOAD DUMP PROTECTION 

s OVER-VOLTAGE PROTECTION 

a INDIVIDUAL OUTPUT OVER-CURRENT 
PROTECTION 

a CLAMPING VOLTAGE (HIGHER THAN 60V) 
FOR DRIVING INDUCTIVE LOAD 

DESCRIPTION 

The L9363 is a monolithic quad low side driver 


with DMOS outputs, designed for automotive en- 
vironment especially in the injectors driving field. 


Each output has a dedicated overcurrent protec- 
tion and the device is overvoltage protected. The 
Status pin provides the microprocessor with the 
fault status feedback. 


ADVANCE DATA 


MULTIWATT 15 


ORDERING NUMBER: L9363 


The device is housed in a Multiwatt 15 pin pack- 
age. An internal zener diode connected between 
the source and the drain of each power DMOS 
allows a fast recirculation with a clamping voltage 
higher than 60V. 


BLOCK DIAGRAM 


UREF int 


OETECTION 


i OVER CURRENT . 
: POWER MOS ACTIVE 
& OPEN LOAD 
DRIVER CLAMP 
i QUER CURRENT 3 
POVER MOS ACTIVE 
Pe pore bdee DRIVER 2 CLAMP a 
, DETECTION 


OVER CURRENT 
& OPEN LOAD POWER MOS ACTIVE 
DRIVER Z CLAMP A 


DETECTION 


IN(1+#2) 


= 
IN SELECT O 


OVER CURRENT 
& OPEN LOAD 
DETECTION 


POWER MOS ACTIVE 
DRIVER e CLAMP a 
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ABSOLUTE MAXIMUM RATINGS 


| Symbol _| Parameter 


Value 


| Unit _| 
Ouperating Frequenc 
tee Drain Current Self Limiting (min) 
Input Voltage 
Total Power Dissipation (max 25 °C) 
Junction and Storage Temperature Range -40 to 150 


BLOCK DIAGRAM 


DRAIN4 
DRAIN3 
IN3 

IN4 
IN(3+4) 
STATUS 
GND 

GND 

Us 
IN(SELECT ) 
IN(1+#2) 
IN2 

IN1 
DRAIN1 
DRAINZ2 


PNW fF U1 ON OO WW 


TAB IS ELECTRICAL GROUND N92L93695-828B 


THERMAL DATA 


Rth j-amb Thermal resistance junction to ambient 35 °C/W 
Rth j-case Thermal resistance junction to case 3 °C/W 


PIN FUNCTIONS 


| Pin | Symbols 
1,2,14,15 DRAINS Outputs 2, 1, 3, 4 respectively 
3,4,13,12 Input 1,2,3,4 respectively 
5 


N 
IN (1+2) This input pin drives output 1 and 2 in the same time when the IN select pin is 
“HIGH” 


7 Vs This pin is connected to Vpat. 


This pin provides fault status information about the device. The following faults 
will be indicated by a low state on this pin: 

1) Short to Vbat or overcurrent condition on any output, 

2) Open load condition on any output. 

3) Over-voltage shutdown mode. 


This input pin drives output 3 and 4 in the same time when the IN select pin is 
“sHIGH” 
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ELECTRICAL CHARACTERISTICS (Vs = 5.5 to 14.5V, Tj =—40 to 125°C unless otherwise specified; 
[Symbot_| Parameter | _TestGondition | Min. | Typ. | wax. | 


Outputs 


Drain Source On Resistance Vs = 13V; Ib = 1A; T, = 25°C 
Vs = 8V; Ip = 0.7A; T, = 25°C 


Vs = 5.5V; Ip = 0.4A; T,;= 25°C 
Vs = 13V5 Ip = 1A; T, = 125°C 


25 
Input High Voltage fb=tA rt w™C™C™C—<“iw |Tv 
| Vinyst__| InputHigh Voltage Hysteresis |In-1A = —Cid| tt || CT 
| Vu | InputLowVoltage | Ip 8A —“(isi‘“‘CS;WC*rLSOCC*dLSCOCUCL Cw | VC 
[im _|[ InputHighCurrent. = [ie 
tw | InputLowCurrent =f ieoeve —is—‘dLSSC 
Vip = 58V 
VS = 13V; Vi = 0.4V ae 
| lam | On State Limiting Current | Vs=13V;Wi=5V | 8.0 


Vs = 13V; Ip = 1A; T, = —40°C 


0.25 
tss Short Circuit Sense Time Vi = 5V; Ri = 0.050; Vs = 9V 10 250 us 
(fig 2 and 3) tssaNp, tres Must be set such 
that the short circuit duty cicle 
tss/(tss+ tret) is less than 10% 
Short Circuit Refresh Time (fig | Vi = 5V; Ri = 0.059; Vs = 9V pie ae Lee 
2 and 3) 
Open Load Off Sense time (fig. 4) | Vs =13V; Vi = 5V; Open Load 
Open Load On Sense time (fig. 5) | Vs = 13V; Vi = 5V; Open Load 
tsto Fault Status Off Time (fig.2 and 3) | Vs =13V; Vi = 5V; Rr = 0.05; 3 10 us 
or Open Load 
Turn on Delay Time (fig.1) Vs = 13V; Ri = 300; ae ae ee oe 
Turn off Delay Time (fig.1) Vs = 13V; Ri = 309; es Ne Cs 
Rise Time (fig.1) Vs = 13V; Fi = 302; ae 60 | 40) is S| 
Fall Time (fig.1) Vs = 13V; Ri = 309; aS FE Cae a ee 
|__| DeviceTurnOnThreshould =| —“‘iLSC TT 
| | Over Voltage Shutdown Threshold| CL | S| | 
|| OverVoltageResetHysteresis | CLC CT | TU 
aes Status Low Voltage Ist = 10MA Open Load hn ae Se 
|__| Status High Voltage lain = 301A Open Load ae a see 
Vooff Open Load “OFF” Detection Vs = 13V; V; = OV Open Load : 5 V 
Voltage fig. 4 


Open Load Detection Current Vs = 13V; V; = 5V Open Load 
(fig. 5) T,= 125°C 

T; = 25°C 
T, = 40°C 


80 100 mA 
110 130 mA 
150 190 mA 


ine) 
- |O 


FAULT LOGIC OPERATION load conditions acts individually for each output, 
- ; while overvoltage shutdown acts independently 

Faults conditions include fully shorted or partially from the input. The output and STATUS line oper- 

shorted loads, open loads and overvoltage at Vs. _—ation for each type of fault is described in more 

An overvoltage condition will shutdown all the out- detail below. 

puts while a shorted load will only shutdown the 

affected output. In either case the device shall re- 

sume normal operation when the fault situation no SHORT TO Vs / OVER CURRENT FAULT 


longer exists. The STATUS pin shall indicate A — The status line will switch to a low level as long as 
fault for any of the fault conditions described the input is high, if the output current correspond- 


above. The fault status for overcurrent and open ing to that input reaches the Current Limit, lp(um), 
Lay, SGS-THOMSON ae ee eee ee 
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specified in the electrical specification for a period 
of time in excess of tss. 


This condition indicates an over current fault and 
will cause that output to shutdown regardless of 
its input value, while other outputs will continue 
normal operation. As long as the input remains 
high, the device will continually retry energizing 
the load at a frequency defined by the Refresh 
Time, Tref. The sense time and refresh time will 
determine the duty cycle at which a shorted load 
will be driven. This duty cycle must not cause the 
driver to exceed its thermal capabilities. During 
the overcurrent sense time the status Cpin will be 
at a high level and current limiting will take effect 
during the over current sense time. After the over 
current condition is removed, the output driver will 
operate normally and the Status line will remain 
high when that output is energized. Refer to Fig- 
ure 2 & 3 for the over current condition waveform- 
S. 


OPEN LOAD FAULT 


The status line will switch to a low level, if: 

1) while all outputs are off, a drain voltage falls 
below the Open Load “OFF” Detection Volt- 
age, Vooft, for a time exceeding the Open 
Load “OFF” Sense Time, tosoff, or 


INTEGRATED DRIVER FUNCTION TABLE 


MODE OF 
OPERATION STATUS 
NORMAL H 
OPERATION H 


IN-SELECT MODE 


H 

H 

H 

H 
OVER VOLTAGE xX 
SHUTDOWN (note 3 

X 

X 


L 
OPEN LOAD FAULT _ | Hil) (note 4) 
L 


“ON” (OFF") (note 4) 
SHORT TO Vpat H 
OVER CURRENT (note5)| LL 


L = LOW LEVEL 


H = HIGH LEVEL 
NOTES; 


X = IRRELEVANT 


IN (142) 


IN1 & IN2 
IN (344) | “(note 1) 


2) when an output is energized, that drain cur- 
rent fails to exceed the Open Load Detection 
Current, loson, after the Open Load On Sense 
Time, toson. 


In case 1 the status line will remain low until the 
voltage level at that drain exceeds Vooff or until a 
non-faulted output is energized. In case 2 the 
Status line will remain low until the current is 
greater than loson or until that output is turned off. 
After the open condition is removed, the output 
will operate normally and the Status line will no 
longer indicat a fault. 


Refer to Figure 4 & 5 for the open load condition 
waveforms. 


OVER VOLTAGE SHUTDOWN 


All outputs are disabled when Vs level exceeds 
the Overvoltage Shutdown threshold. In addition if 
any outputs are on when this condition occur, it 
will shutdown and STATUS pin will switch to a 
low level. 


When Vs has dropped the Over Voltage Hys- 
teresis, Vovhyst, it has returned to a normal opera- 
ting voltage, the Status line will switch high, and 
the device will resume normal operation. 


? = UNKNOWN 


1. Inputs and outputs 1-4 are independent in normal operation. when one output is faulted the other three outputs will operate normally. 


2 IN Select Mode outputs 1 & 2 are driven by IN (1+2) and outputs 3 & 4 are driven by IN (8+4). Depending on the load type and its mode of 
operation, the IN (x+y) inputs can be high, low, or pulse width modulated. Status is high except under a fault condition. 


3. Over-voltage shutdown occurs when Vs exceeds the normal operating range. This condition disables ALL outputs regardless of the input 


values and causes the Status to go low. 


4. The Status pin reveals the Open Load fault when the drain current fails to exceed a minimum level when an output is on; or when all outputs 
are off and a drain voltage falls below the minimum level expected when the output is off. See figures 4 and 5. 


5. Short to Vbat/Over Current Shutdown occurs when the energized output’s drain current reaches the current limit and the Over Current Sense 
time has elapsed. The Status pin indicates this fault only when the faulted driver is energized. 
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VOLTAGE CLAMP 


Each output of each device provides active 
clamping of positive voltage transients due to the 
specified inductive loads. 


IN SELECT OPERATION 


In Select mode the IN-Select pin will be pulled to 
a high level. The device will than disable the nor- 
mal inputs and enable the IN (x+y) Inputs. IN 
(1+2) will control outputs 1 and 2, while IN (3+4) 
will contro! outputs 3 and 4. 


CURRENT LIMITING 


Current limiting protection is provided individually 
to each output. If a load becomes shorted causing 
full battery voltage to be applied to the drain or 
any over current condition, the maximum drain 
current will be limited as specified in the electrical 
specifications. Normal device functioning with no 
degradation will resume upon removal of the over 
current condition. This current limiting for the time 
period needed for a shorted load to be sensed, 


Figure 1: Response Times. 


962 INPUT N 


+700) os» 
ae ae 
16@8us 7>~> + 
2% DUTY CYCLE 


GND o 


RESPONSE TIMES 


L9363 


tss, shall provide additional protection to the out- 
put until the current shutdown can take effect. 


SYSTEM ACTUATOR 


The system actuators are typically 13.8 + 0.50 
and 6.8 + 0.7mH or 14.5 + 0.72Q and 7.2 + 
0.7mH ( for fuel injectors and cold start injector). 
Other system actuators to be driven are variable 
cam timing solenoids which are 14.5 + 0.72Q and 
20 + 1 mH, shift solenoids which range from 15.7 
+ 0.5Q to 28+ 2Q and 24 + 2 mH to 70 + 35mH, 
fuel pump relay of 90 + 10Q and 130 + 10mH 
and a GE194 incandescent light bulb (0.27A typ 
2.7A cold inrush). 


All drain (outputs) have a 0.001pF filter capacitor 
connected to case ground. The drains may also 
have an external high resistance (approximately 
200KQ) to ground for more accurate open load 
detection. Unused drain pins require 20KQ tied to 
Vs to prevent false “off state’ open load detecting 
and reporting. 

All loads must be powered by module Vs to pro- 
tect the device from full transient on Vs. 


UPUR=13U ULD=380U 


38Q 


OUTPUT N 


CURRENT 
MEASUREMENT 


SWITCHING SPEED TEST €CLREUIT 


192L9363-83A 
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L9363 


Figure 2: Over Current Status Operation 
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BA 
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Figure 4: Off State Open Load Status Operation 
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Uooff - y- OPEN LOAD SENSED 
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Figure 5: On State Open Load Status Operation 
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fen 249"  ROMSON L9444VB/L9448VB 


ONE CHIP CAR ALTERNATOR REGULATOR 


ADVANCE DATA 


NO EXTERNAL COMPONENTS 

PRECISE TEMPERATURE COEFFICIENT 
PRECISE REGULATED VOLTAGE 

HIGH OUTPUT CURRENT 

SHORT CIRCUIT PROTECTED 
REVERSE BATTERY PROTECTION 

+ 80 V LOAD DUMP PROTECTION 

LOW ENERGY SPIKE PROTECTION T0200 

THERMAL SHUTDOWN ORDERING NUMBER: L9444VB 


VERY LOW START UP VOLTAGE L9448VB 
L9480VB 


ZBeagqsaEwgwe#waig’#lisns @ 


DESCRIPTION 


The devices are a “single function” self-oscillating Stage on a single chip, the devices require no ex- 
voltage regulator for car alternators. Integrating ternal components, reducing significantly the cost 
both the contro! section and the output power of the system and increasing reliability. 


BLOCK DIAGRAM 


CURR.LINIT 
LOAD DUMP 


PROTECTION ee ee 
COMPENSAT. 
INPUT THERMAL 
DIVIDER PROTECTION 


VOLTAGE INPUT 


DRIVER A 
REFERENCE | COMPARATOR s x 


N92L9444-81 
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This ts advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice. 


L9444VB -L9448VB - L9480VB 


ABSOLUTE MAXIMUM RATINGS 


Load Dump : 5ms < Tne < 10ms, 


Iclamp Current into EON Energy Clamping Zener 


Pla. «2 Maximum Output Current 


THERMAL DATA 


Thermal Resistance Junction-case 


PIN CONNECTION (top view) 


LZ tab connected to 


DEVICE OPERATION 


The alternator voltage, rectified by the auxiliary 
diode trio, is compared with an external reference 
and the resulting signal switches the output stage, 
driving the alternator field coil. 


As the regulator is a self-oscillating type, the 
switching frequency depends on the whole sys- 
tem parameter set (including the alternator char- 
acteristics). 


The regulator has an integrated filter in the volt- 
age sensing path. Consequently it doesn’t need - 
in the standard application- any external compo- 
nent. 


Anyway an external capacitor (0.1 - 1u.F) must be 
inserted between Vs and Ground guaranteeing 
the correct behaviour of the device when the rec- 
tifying diodes feature very high switching spikes 
that are not filtered by the devices. 


This external capacitor must also be used when 
the impedances of the cables connecting the al- 


Symbol Parameter Value Unit | 


Transient Overvoltage : 


t¢ Fall Time Constant < 100ms, Besaince > 0.50 


Trise = SUS ; Tdecay S$ 2ms ; duty cycle < 5%) 


Junction and Storage Temperature Range — 55 to + 150 


Parameter 


pin 3 


O 
a 


Max. 


OUTPUT 
GROUND 


(Us) 


N9O2ZLIG444-82 


ternator to the battery are so high to cause a 
superimposed ripple on the alternator voltage 
higher than 3-4V. 


The devices regulation voltage and the tempera- 
ture coefficient may be independently set by 
suited metal mask selections ; furthermore the 
regulation voltage is trimmed within + 1% of the 
nominal value @ 25°C. 


The devices have an unique -and patented- sys- 
tem to compensate the self-heating of the die due 
to the power dissipated in the output stage. In this 
way the internal reference voltage tracks the case 
temperature rather than the die one. 


The device can withstand the reverse battery and 
the load dump (up to 80V) ; They can absorb, into 
the internal clamping zeners, low energy spikes 
up to a level of 100mA and its output is short cir- 
cuit protected. 


Finally the internal thermal shutdown avoids any 
possible device damage due to overtemperature 
problems. 
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L9444VB - L9448VB - L9480VB 


ELECTRICAL CHARACTERISTICS (— 40 °C < Tys 125 °C unless otherwise noted) 


Syma TesiGonations | in| Typ_ | wax [ Unt 
Vr Regulation Voltage T,=—40°C for L9444VB 14.49 | 14.79 | 15.05 V 
for L9448VB 14.36 | 14.66 | 14.96] Vv 
for L9480VB 14.75 | 15.05 | 1535 | V 
T, = 25°C 14.10 | 14.40 | 14.70 
T,=125°C for L9444VB 13.50 | 13.80 | 14.10] v 
for L9448VB 13.70 | 14.00 | 14.30] Vv 
for L9480VB 13.10 | 13.40 | 13.70] Vv 


Ct Temperature Coeff. of the for L9444VB -6 mvV/°C 
Regulation Voltage for L9448VB -4 mvV/°C 
for L9480VB -10 mv/°C 
eCt Error on Nominal Temperature +30 % 
Coeff. 
Vs 
$s 


protection threshold 
Ineia = 4 Ag [ae sll Sse 
| tg__| QuiescentCurrent | Field OH Cd” 


—— Fe 
lis Field Pin Sink Current Field Off <) mA 
Field Pin@ 16 V 
= 


a 
) 
3 
> 


Victamp | Low Energy Clamping Zener Iclamp = 50 MA 
Voltage 
Switching Frequency 01 In < lat < 0.9 I | 30 | ‘| 1000 


Note1: measured on an alternator with the following characteristics: In =<90A; latt/Ineia >= 23 


APPLICATION CIRCUIT 


a BATTERY 


ALTERNATOR 


@ 
Us-SE 


LO444UB 

LS448VUB 

LS486VB 
GND 


N92L9444-83A 
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(a, SGS-THOMSON L9610C 
S/ i MIGROELECTRONICS L9611C 


PWM POWER MOS CONTROLLER 


ew HIGH EFFICIENCY DUE TO PWM CONTROL 
AND POWERMOS DRIVER 

s LOAD DUMP PROTECTION 

s LOAD POWER LIMITATION 

» EXTERNAL POWERMOS PROTECTION 

LIMITED OUTPUT VOLTAGE SLEW RATE 


DESCRIPTION 


The L9610C/11C is a monolithic integrated circuit 
working in PWM mode as controller of an external 
powerMOS transistor in High Side Driver configura- 
tion. 


Features of the device include controlled slope of 
the leading and trailing edge of the gate driving vol- ORDERING NUMBERS: L9610C 
tage, linear current limiting with protection timer, set- L9611C 
table switching frequency fo, TTL compatible enable 
function, protection status ouput pin. The device is 
mounted in SO16 micropackage, and DIP 16 pack- 
age. 


BLOCK DIAGRAM 


OUTPUT 


STAGE R 
VOLTAGE 
SENSE 
BANDGAP 


a i 


N88L9618C-81A 
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L9610C/11C 


ABSOLUTE MAXIMUM RATINGS 


= aa D.C. Supply Voltage 


Transient Peak Supply voltage (Ri = 100Q) : 

Load Dump : 

5MS S trse S$ 10ms 

t Fall Time Constant = 100ms 

Rsource 2 0.5Q 

Field Decay : 

5ms € tran < 10ms, Rsource = 10Q 

tr Rise Time Constant = 33ms 

Low Energy Spike : + 100 
trise = 1S, tran =2MS, Rsource 2 10Q 


Maximum Supply Current (t < 300ms) a aaa 
Input Voltage -0.3< Vin < Vs -2.5 
Junction and Storage Temperature — 55 to + 150 


THERMAL DATA 
SO16J 


Thermal Resistance Junction-alumina Max 


DIP16 


Thermal Resistance Junction-ambient Max a eee 


PIN CONNECTION (Top view) 


MI8BLIB1EC-B2A 
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L9610C/11C 


PIN FUNCTIONS 


1 VSR A capacitor connected between this pin and Outg defines the GATE 
Voltage Slew Rate. 
2 Analog Input Controlling the PWM Ratio. The operating range of the 
input voltage is 0 to Vr. 


Output of an Internal Voltage Reference 
TTL Compatible Input for Switching off the Output 


If this pin is Connected to GND and Vs > 13V, the duty cycle and the 
frequency fo are reduced : this allows to transfer a costant power to the 
load. 


The capacitor connected to this pin defines the frequency of the 
internal triangle oscillator 


3 


E 


VR 
4 EN 
O 


ae 
' 


S 


Cc 
D 


vi SENSE Input of an Operational Amplifier for Short Current Sensing and 
Regulation. 
pe [NC —~*| NotConnected —OSSOSC“~S~“~S 
11 TIM A capacitor connected between this pin and GND defines the protection 
delay time. 
| 42. | MON Open Collector Monitoring Output off the PowerMOS Protection. 
Connection for the Charge Pump Capacitor. 
14 BS The Capacitor Connected between this Pin and the Source of the 
Power MOS Allows to Bootstrap the Gate Driving Voltage. 
Output for Driving the Gate of the External PowerMOS. 
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L9610C/11C 


ELECTRICAL CHARACTERISITCS (Tamb = — 40 °C to 85 °C ; 6 V < Vs < 16 V unless otherwise specified) 


Operating Supply Voltage 
Quiescent Current 


Vs 
SC 
SH Supply Voltage High Threshold 
SL Supply Voltage Low Threshold 
Reference Voltage 
KF 
Ks 
Kr 
Vsi 


Input Low Threshold 

Oscillator Freq. Constant Note 1 
Gate Voltage Slew Rate Note 2 
Constant 


| Kr Protection Time Delay Constant | Note 3 
L Vg Sense Input Volt 


le 
Low Enable Voltage 
VENH 


Saturation Voltage (pin 12) 


Notes: 1. fo =Ke/Cr. 
2. dVc/dt = Ks/Cs. 
3. torot = Kr Cr. 


FUNCTIONAL DESCRIPTION 
PULSE WIDTH COMPARATOR 


A ground compatible comparator generates the 
PWM signal which controls the gate of the external 
powerMOS. 


The slopes of the leading and trailing edges of the 
gate driving signal are defined by the external capa- 
citor Cs according to : 


dVoG/dt = Ks/Cs 


This feature allows to optimize the switching speed 
for the power and RFI performance best suited for 
the application. 


The lower limit of the duty cycle is fixed at 15 % of 
the ratio between the input and the reference vol- 
tage (see fig. 1). Input voltages lower than this value 
disable the internal oscillator signal and therefore 


Test Conditions 


| Symbol_| 
pS at 
=a 
Is = 200mA 


| in Reference Current AVR < 100mV 


rs 


i) | a ee pe oe) ara i) 
ro) oO DD © lo Go or Kee) 
— [en) —_ 


VGON Gate Driving Volt. above Vs Vs = 16V 


100 pA 


Without Cs 


IMON = 25mA 


o1 
< 


GROUND COMPATIBLE TRIANGLE 
OSCILLATOR 


The triangle oscillator provides the switching fre- 
quency fo set by the external capacitor Cr according 
to: 


fo = Ke/Cr 


If the pin PWL (power limitation) is connected to 
ground and Vs is higher than the PWL threshold 
voltage, the duty cycle and the fo frequency are re- 
duced : this allows to transfer a costant power to the 
load (see fig. 2). 


TIMER AND PROTECTION LATCH 


When an overcurrent occurs, the device starts 
charging the external capacitor Cr ; the protection 
time is set according to : 


the gate driver. tprot = Kt - Ct 
4/9 
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After the overcurrent protection time is reached, the 
powerMOS is switched-off ; this condition is latched 
by setting an internal flip-flop and is externally moni- 
tored by the low state of the MON pin. 


To reset the latch the supply voltage has to fall below 
Vs. or the device must be switched off. 


UNDER AND OVERVOLTAGE SENSE WITH 
LOAD DUMP PROTECTION 


The undervoltage detection feature resets the timer 
and switches off the output driving signal when the 
supply voltage is less than Vs-. 


If the supply voltage exceeds the max operating 
supply voltage value, an internal comparator dis- 
ables the charge pump, the oscillator and the exter- 
nal powerMOS. 


Figure 1: Typical Transfer Curve. 


TRANSFER CHARACTERISTIC 


PWM RATIO 


US < UPUL OR Us > 


M88BLI961EC-B3A 


L9610C/11C 


In both cases the thresholds are provided with suit- 
able hysteresis values. 


The load dump protection function allows the device 
to withstand - for a limited time - high overvoltages. 
It consists of an active clamping diode which limits 
the circuit supply voltage to VcLame and an external 
current limiting resistor R1. The maximum pulse 
supply current (see abs. max. ratings is equal to 
0.3A. Therefore the maximum load dump voltage is 
given by : 
Voump = Vsc + 0.3R1 


In this condition the gate of the powerMOS is held 
at the GND pin potential and thus the load voltage 
is: 


Vi = Vs - Vctamp - Ves 


UPWL AND PWL NOT CONNECTEC TO GND 
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L9610C/11C 


Figure 2 : The Typical Waveforms for the Power Limitation Function. 


NORMAL | SUPPLY |! 
AGE | 
, t 


I 
OSCILLATOR SOFT; HYSTERESIS 


VINCVINmin 


USmax ++- B 


SHORT CIRCUIT CURRENT REGULATION 


The maximum load current in the short circuit con- 
dition can be chosen by the value of the current 
sensing resistor Rs according to : 


Isc = Vsi/Rs 


Two identical Vs compatible comparators are pro- 
vided to realize the short circuit protection. 


After reaching the lower threshold voltage (typical 
value Vsi-10 mV), the first comparator enables the 
timer and the gate is driven with the full continuous 
pump voltage : when the upper threshold voltage 
value is reached the second comparator maintains 
the chosen Isc driving the NMOS gate in continuous 
mode. 


This function - showed in fig. 3 - speeds up the 
switch on phase for a lamp as a load. 


BANDGAP VOLTAGE REFERENCE 
The circuit provides a reference voltage which may 


NORMAL 
OPERATION , OVER- |! OPERATION 


POVER LIMITATION DUE TO VS 
FOR VS>V¥Snom-VYPUL 


NEELIEBLIEC-B4 


be used as control input voltage through a resistive 
divider. This reference is protected against the short 
circuit current. 


CHARGE PUMP 


The charge pump circuit holds the N-MOS gate 
above the supply voltage during the ON phase. This 
circuit consists of an RC astable which drives acom- 
parator with a push-pull output stage. The external 
charge pump capacitor Cp must be at least equal to 
the NMOS parasitic input capacitance. 


For fast gate voltage variation Cp must be increased 
or the bootstrap function can be used. The bootstrap 
capacitor should be at least 10 times greater than 
the powerMOS parasitic capacitance. 


The charge pump voltage Veump can reach to : 
Vpump = 2 Vs - Vee - VcESAT 


The circuit is disabled if the supply voltage is higher 
than Vsu. 
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L9610C/11C 


Figure 3 : The Typical Waveforms for Short Circuit Current Condition. 


LAMP START 


MNEELIB1GC-B5A 
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L9610C/11C 


APPLICATION CIRCUIT 
Figure 4. 


SENSE 


QUT 
S“S6tel= *? 


sien ane 


NC 


OSC TIM MON G 


Note : All node voltages are referred to ground pin (GND) 


The currents flowing in the arrow direction are assumed positive 


without Ces ‘Cp = 1nF 


USR ¢ 


EN 


N8&LI618C-E8BA 


without Ces . Cas must be at least 10 times higher than the gate capacitance : Cp = 100 pF. 


CONTROLLING A 120W HALOGEN LAMP WITH 
THE L9610C/11C DIMMER 


The L9610C/11C Lamp Dimmer is used to control 
the brightness of vehicle headlamps using H4 type 
lamps (see fig. 5). With switch S1 open the full sup- 
ply voltage is applied to the lamps : closing the 


switch it is a possible to reduce the average lamp 
voltage as desired : 


VL=VS 


R3 
R2+R3 


If pin 5 is connected to ground the average lamp 
voltage is constant, even for supply voltages in ex- 
cess of 13 V. 
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Figure 5 : Application Circuit. 


OVER 
UDLTAGE 
PROTECT 


MBBLSEIBC-B7A 


The sensing resistor Rs and timing capacitor Ci 
should be dimensioned according to : 


- Vs) 
Rs = Sinom (@VS=14 V) 


C 2 X limitation time 
tre a es = 


In normal conditions (Vcc = 14 V, maximum bright- 
ness) the voltage drop across the sense resistor 
must be 50 mV. The current limiter intervenes at- 
twice the nominal current, Inom. 


L9610C/11C 


The timing capacitor C; (Vct = 3.5 V) must be chosen 
so that the delay before intervention is twice the dur- 
ation of the current limitation at power-on. 


The optimal value of the oscillator frequency, taking 
tolerances into account, must be slightly higher than 
the frequency at which lamp flicker is noticable (min 
60 Hz). 


The switching times are a compromise between 
possible EMI and switching power losses. The rec- 
ommended value for Cs is 47pF. 
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L9686 


AUTOMOTIVE DIRECTION INDICATOR 


ADVANCE DATA 


RELAY DRIVER IN CAR DIRECTION 
INDICATORS 


» FLASH FREQUENCY DOUBLES TO INDI- 
CATE LAMP FAILURE 


s DUMP PROTECTION (+80 V) 
» REVERSE BATTERY PROTECTION 


DESCRIPTION 


The L9686 is a two frequency oscillator particu- 
larly suitable as relay driver for flashing light con- 
trol in automotive applications. The circuit may be 
also used for other warning lamps like “handbrake 
on” etc. The lamp failure detection is given by 
doubling the flash repetition frequency. The 
L9686 is supplied in a minidip 8-lead plastic pack- 
age. 


BLOCK DIAGRAM 


STARTEP 5c 
OSCILLATOR 
DETECTION 


October 1990 


Minidip 
ORDERING NUMBER: L9686 


OUTPUT 


LAMF 
FHILURE 
CETECTION 


1/4 


This is advanced information on a new product now in development or undergoing evaluation Details are subject to change without notice. 


L9686 


PIN CONNECTION (Top view) 


DE'VICE GND STARTER 


+YERTT FALILT DET. 


OUT PLT ; aa | Nc 


OSeTLLAT OP ]  GSCILLATOR 


ABSOLUTE MAXIMUM RATINGS 


Symbol 
Vs 


Transient Peak Supply Voltage (R3 > 2200): 

Load Dump: 80 V 
5ms < trise < 10ms 

t Fall Time Constant = 100ms 

Resource > 0.52 

Field Decay: — 80 V 
SMS < tran < 10ms, Resource > 22 

tr Rise Time Constant = 33ms 

Low Energy Spike: + 100 V 
trise = 1US, tran = 2MS, Resource > 10Q 


Junction and Storage Temperature Range — 55 to 150 
Total Power Dissipation at Tan = 100°C 


THERMAL DATA 


Symbol 
Thermal Resistance Junction-ambient 100 


O 
id 


es [Gj scs-THomson 
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L9686 


ELECTRICAL CHARACTERISTICS (— 20°C < Tamb <, 100°C, 8V < Vs < 18V unless otherwise speci- 
fied.) 


| Symbol | Parameter | Test Condition | Min. 
| Vs__| Operatingvoltage | 
| v2-Vv3_| OutputSaturation Voltage | Im =250mA | 
| R2__| StarterResistance | seemote2 


Kn Oscillator Constant Kn (normal | Fn =1/KnRoCo : 

Operation Osc. Frequenc 
10-3 
Duty Cycle(normaloperation) | CT S| 50 || 

Keo Oscillator Constant Kc Fo = 1KcRoCo 0.53 0.74 

(lamp failure detection) Osc. Frequency 
DCLF Duty Cicle (lamp failure 35 40 45 % 

detection 


Current Consumption Relay off | Vs =8V 
pin 1 Vg = 13.5V 
Vv’ = 18V 


Notes :1. 


Vih Lamp Failure Threshold Rg = 2200 
(see note 4) Vs = 13.5V 


—20 < Tamb < 100°C 


This voltage Is the threshold used to protect the circuit against overvoltage : if Vbat is > than this threshold, the relay will be on 


and the voltage across the circuit will maintain constant increasing the current in the protective resistor Rs 


2. This is the maximum value for operation. This value must be higher than 1 K Ohms in order to limit the current in pin 8 during 
dumps. A recommended value for application should be 1,5 K Ohms. 


3. The external leakage from the blinker unit to ground must be with an equivalent resistor higher than 5,6 K Ohms to avoid para- 


sitic operation when the switch S; ts off 


4. This temperature coefficient is usefull to compensate the drift of the external timing network (Ri, C1). 
5. — This threshold is calculated for a 20 m Ohm shunt. The threshold is dependant of Vpat as the bulb current. 


FUNCTIONAL DESCRIPTION 


The circuit is designed to drive the direction indi- 
cator flasher relay. The application circuit shows 
the typical system configuration with the external 
components. lts consists of a network (Ri C1) to 
determine the oscillator frequency, shunt resistor 
(Rs) to detect defective bulbs and two current 
limiting resistors (R2/R3) to protect the IC against 
load dump transients. 


The lightbulbs Le, Ls, La, Ls, are the turn signal in- 
dicators with the dashboard-light Le. The Si 
switch position is sensed across resistor Re 
and Riamp by input 8. The flashing cycle is started 


ky SGS-THOMSON 


by closing S1 : then, after a delay time ta typically 
equal to 1.5 ms, the relay is actuated and the pin 
3 goes high switching on the corresponding 
lamps Lo, Ls, (or L4, Ls). These lamps will flash at 
the oscillator frequency not depending on the bat- 
tery voltage value (8 - 18 V). The flashing cycle 
stops and the circuit is reset to the initial position 
when the switch S1 is open. 


The lamp failure detection function senses the 
current through the shunt resistor Rs. When one 
of the lightbulbs is defective the voltage drop 
across Rs is reduced to a half and the failure is 
indicated by doubling the flashing frequency. 
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L9686 


Figure 1: Application Circuit. 
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+UBATT 


Rs 


Li: HAND BRAKE ON INDICATOR 
L2, L3, L4, L5: 21W TURN SIGNALS 
: DSH BOARD LANP 


“EMERGENCY 


4 BLINKER 
® 
0 GND NG2L 9686-87 


ky, SGS-THOMSON 
‘IF tmenos.ectromes 


kwa SGS-THOMSON 
Sf | Are tela 19700 


HEX PRECISION LIMITER 


» HIGH PERFORMANCE CLAMPING’ AT 
GROUND AND POSITIVE REFERENCE 
VOLTAGE 

a FAST ACTIVE CLAMPING 

» OPERATING RANGE 4.75 - 5.25 V 

» SINGLE VOLTAGE FOR SUPPLY AND POSITI- 
VE REFERENCE 

a LOW QUIESCENT CURRENT 

a LOW INPUT LEAKAGE CURRENT 


DESCRIPTION 
The L9700 is a monolithic circuit which is suited for mIntare 
input protection and voltage clamping purpose. 


The limiting function is referred to ground and the 
positive supply voltage. 


One single element contains six independent chan- 
nels. 


Very fast speed is achieved by internal feedback 
and the application of a new vertical PNP-transistor 
with isolated collector. 


ORDERING NUMBER : L9700 


BLOCK DIAGRAM 


MN392L9708-81 
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L9700 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage 


f Py | Power Dissipation (Ta = 85°C) 


Note: The circuit is ESD protected according to MIL-STD-883C 


THERMAL DATA 
Thermal Resistance Junction-ambient Max 100 


PIN CONNECTION 


CHANNEL 1 [| CHANNEL 6 

CHANNEL 5 

SUPPLY AND REFERENCE [|_| CHANNEL 4 
CHANNEL 2 [_| CHANNEL 3 


CR 1 a TTC 
[tec | Supply Curent ———SSidSSSCSC~CSsSCS~iSSC*d SP 


Static Input Clamping Voltage 
Negative 


Positive 


Input Current (static) 15 
Vin = see = i 
Vin = 50mV pA 
Vin = Voc — 50mV pA 


tin = 10mA 
tk = 5ns 


Dynamic Input Clamping Voltage 


Positive Overshoot 400 mV 
Negative Overshoot 400 mV 
Settling Time See fig. 2 EEE 
Dynamic Input Resistance 


Crtk (*) | Crosstalk between any two Inputs| 0 < emo < Vcc; —- 
fin < 1kHz 


*) Design limits are guaranteed by statistical control on production samples over the indicated temperature and supply voltage 
ranges. These limits are not used to calculate outgoing quality levels. 
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Figure 2 : Dynamical Input Characteristics. 
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Figure 2 : Dynamical Input Characteristics (continued) . 


APPLICATION INFORMATION 


Most integrated circuits, both HNMOS and bipolar, 
are very sensitive to positive and negative overvol- 
tages on the supply and at the inputs. 


These transients occur in large numbers and with 
different magnitudes in the automotive environ- 
ment, making adequate protection for devices ai- 
med at it indispensible. 


Overvoltages on the supply line are faced through 
high voltage integration technologies or through ex- 
ternal protection (transil, varistor). 


Signal inputs are generally protected using clamp 
diodes to the supply and ground, and a current limi- 
ter resistor. However, such solutions do not always 
completely satisfy the protection specifications in 
terms of intervention speed, negative clamping and 
current leakage high enough to change analog si- 
gnals. 


The L9700 device combines a high intervention 
speed with a high precision positive and negative 


N&9L39788-86 


clamp and a low current leakage providing the opti- 
mal solution to the problems of the automotive en- 
vironment. 


The high intervention speed, due to the pre-bias of 
the limiter stage and internal feedback, limits the 
voltage overshoot and avoid the use of external ca- 
pacitors for the limitation of the transient rise times. 


Figure 3 illustrates a typical automotive application 
scheme. The resistor Rs limits the input current of 
the device and is therefore dimensioned conside- 
ring the characteristics of the transients to be elimi- 
nated. Consequently : 


Vtransient Peak 


Rs = 
7 lIN MAX 


The Cin capacitors must be used only on analog in- 
puts because they present a low impedance during 
the sampling period. 
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Figure 3 : Typical Application. 
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The minimum value for Cin is determined by the ac- but Qi = Cin Vin 
curacy required, the time taken to sample the input 
and the input impedance during that time, while the and Qi- Q2 = Ipb—Ts 
maximum value is determined by the required fre- Cine Vin 
quency response and the value of Rs. sothat Ip Ts= Sang 
Thus for a resistive input A/D connector where : lp Te 
Ts = Sample time (Seconds) and Cin (min) = Fy Farad 
Rp = Device input resistance (Ohms) . 100-Ts Parad 
Vin= Input voltage (Volts) “< INC POI) = keRp 
k = Required accuracy (%) The calculation for a sample and hold type convertor 
Qi = Charge on capacitor before sampling is even simpler : 
Q2 = Charge on capacitor after sampling k = Required accuracy (%) 
Ip = Device input current (Amps) Cy = Hold capacitor (Farad) 
Thus 
100 - Cy 
aoe k-Qy Cin (min) = k Farad 
ieee OO 
GS-THOMSON a 
kyy SICROELBCTROSICS 
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OCTAL GROUND CONTACT MONITORING CIRCUIT 


xn OPERATING DC SUPPLY VOLTAGE RANGE 
BV TO 25V 

a SUPPLY OVERVOLTAGE PULSE UP TO 40V 

a VERY LOW STANDBY QUIESCENT CUR- 
RENT 0.2mA 

a INTERNAL CLAMPING DIODES AT CONTACT 
INPUTS TO Vs AND GND 

a INPUT PULSE CURRENT CAPABILITY UP TO DIP-20 

+ 50mA ;— 75mA 

NOMINAL CONTACT CURRENT OF 10mA DE- 

FINED BY EXTERNAL CONTACT SERIES RE- 

SISTORS Rini-8 

CONTACT STATUS MONITORING BY COM- 

PARING THE RESISTANCE AT CONTACT 

SENSE INPUTS WITH THE INTERNAL REFER- 

ENCE RESISTOR VALUE 

HIGH IMMUNITY DUE TO RESISTANCE COM- 


ORDERING NUMBERS : L9703 (DIP-20) 
PARISON WITH HYSTERESIS L9703D (SO-20L) 


SO-20L 


DESCRIPTION 

The L9703 is a bipolar monolithic integrated circuit 

for monitoring the status of up to eight contacts con- It contains eight contact sense inputs and eight mi- 
nected to GND. crocomputer compatible three-state outputs. 


BLOCK DIAGRAM 


Tie 


COMPARATOR 


V4 
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PIN CONNECTION (top view) 


1 
2 
3 
4 
5 
6 
7? 
8 
=) 


oO 
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ABSOLUTE MAXIMUM RATINGS 


| symbol | ———C—~*C*éiRarameter” = SSSC*dSsTest Conditions 

Transient Supply Voltage (t < 1s) V 

Logic Supply Voltage V 
. 50 

VE 


Input DC Current 
Input DC Pulse mA 
(test pulse specification: 0 < tP < 2ms, f < 0.2Hz, n = 25000) -75 mA 
Output Current Internally Limited p 


Enable Input Voltage Vec +0.3 V 
-0.3 V 


Power Dissipation at Tamb = 80°C 


DIP20 875 m 


Ww 
S020 420 mW 


Cc 
N 
Storage and Junction Temperature Range 


THERMAL DATA 


Symbol! | Parameter | IPO |= S020 | Unit 
Thermal Resistance Junction to Ambient MAX. | so | 16 | ecw | 


2/6 Ta SGS-THOMSON 
jf MICROELECTRONICS 
318 


L9703 


ELECTRICAL CHARACTERISTICS (5V < Vs < 25V; -40°C < Tj< 125°C; 4.75V < Vcc < 5.25V unless other- 
wise specified; the currents flowing in the arrow direction are assumed positive as marked in the application 
circuit diagram, fig. 1). 


Symbol Test Conditions | Min. | Typ. | Max. | 
Ven. | Enable Input Voltage LOW 
(device activated 
Enable InputVoltageHIGH | | ee | 


[Venn | Enable mput Hysteresis |] —___} 200 | 420 | 00 fm 
len | Enable Input Current j24V<Ven<Veo | | TA 


|e 
fH | 


[ove Vyeosv |e] a] | ya 
| Vou | Output Voltage HIGH | O<tour< 100A | 4.0 | Veco 0.1] Veo | Vv | 


Output Voltage LOW Hou =ima__} 008 02} 04 |v 
Output TRISTATE Current 


fe | pe plnpateteceieowes awe) | (device active) EN = LOW tT 
plnpatvetece vee oe): EN te Vs-1.5 | Vs-0.4 
Ci hi Clamped Voltage EN = HIGH 
(device disabled) lin = 30mMA Vs +03] Vs+1 Vs +2 V 
lin = -30mA -2 -1 -0.3 V 
a i aE EB 
rene = 
lout Output Current OUT = LOW 
VOUT = 5.5V 
pan Resistor (note 1) V<Vs < 16V 
W Threshold A Venn! < 0.1Vs 


Input Resistor (note 1) 

HIGH Tees old 

Quiescent Current EN = HIGH (tenn = 80zs) 
5V < Vs < 16V 
-40°C < T, < 100°C 


Ru Input Resistor 
Riv Threshold Ratio (note1) 


ee Current es a ee 
pd | mA 


a a GO 2 
— mA 
Delay Time/Output Court < 50pF 
(EN LOW to output data ready) za Cin 
Delay Time/Tristate Court < 50pF us 
(EN HIGH to output TRISTATE) 


Note « 1. The input resistor threshold value is the resistor value from the IN-pin to ground at which the corresponding output changes 
its status (see fig 3). 
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APPLICATION CIRCUIT 


Figure 1 : Typical Application Diagram for the L9703 Circuit. The current flowing in the arrow direction is 
assumed positive. The external capacitors Cin and Court represent the total wiring capacitance 
at the corresponding pins. 


CURRENT ge 


RIN1 IN1 ot ™™ | COMPARATOR 


hers , =COUT4 
aa | vours 


C $1 = 
as —T | a : : ae 
IEN8 -_ 


RIN8 IN8 


—}—_ >—O CH8 si OUTS x 
a TINS ; Secours 
=) VINS A, = VOUTS 


GND N89L9783-@3 —— 
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FUNCTIONAL DESCRIPTION 


The L9703 circuit monitors the status of the contacts 
connected to ground and through this series exter- 
nal resistors Rin to the contact sense input pins. The 
contacts equivalent circuit is supposed to be as 
shown in fig. 2. 


The L9703 circuit compares the input current with 
the current through the internal reference resistor. 
The device is designed to work with an external input 
series resistor of Rin1-g = 1kQ. With this input resistor 
the contact current, when the contact is closed and 
the device activated (EN = LOW) is 

Vs-2V 


IN =Tko (1) 


For this calculation the limit value of the Vs to IN sa- 
turation voltage of 2V was considered so that the lo- 
west limit value of lin is calculated in (1). 


The function of the circuit can be demonstrated with 
the transfer characteristics, showing the output sta- 
tus as a function of the input resistor Ri, shown in fig- 
ure 3. The input resistor is a sum of the Rin and the 
contact resistance Rcon or Rcorr, for the closed 
contact : 


Ri = Rin + Roon, (2) 
and for the open contact : 
Ri = Rin + Roorr. (3) 


L9703 


The output goes HIGH when the input resistance in- 
creases above 5.3kQ (typical value) and goes LOW, 
when the input resistance decreases below 4kQ (ty- 
pical value). The limit values of Ri = 1.8KQ for LOW 
and Ri = 20kQ for HIGH implies that a contact with 
Roon = 100Q (at lin = 10mA) will be recognized as 
ON = LOW and acontact with Rcorr = 19k will be 
recognized as OFF = HIGH. These limits are valid 
within the supply voltage range 6V < VS < 16V and 
the ground potential difference of 
| AVGND| = 0,1V. 

The internal clamping diodes at the contact moni- 
toring inputs, together with the external contacts 
series resistors Rin, allows the device to withstand 
transients at the contact connection. The contact 
series resistor Rin limits the input current at the tran- 
sient. 

The dynamic behaviour of the circuit is defined by 
the times tdo and tats. When the contact is open, the 
input capacitor Cin must be charged through the re- 
sistor Rin. In this case the total delay time may also 
be influenced by the time constant RinCin. 

The delay time tats, when disabling the device, is de- 
fined only by the internal circuitry. In both cases, an 
extemal output capacitance less than 50pF is assu- 
med, the internal output capacitances of the three- 
state buffers are less than 5pF. 


Figure 2 : The Contact Sense Input Connection with the Contact Equivalent Circuit. 
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Figure 3 : The Output Voltage as a Function of the Input Resistance at the Corresponding Contact Sense 
Input. 
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OCTAL SUPPLY CONTACT MONITORING CIRCUIT 


x» OPERATING DC SUPPLY VOLTAGE RANGE 
5V TO 25V 

u SUPPLY OVERVOLTAGE PULSE UP TO 40V 

as VERY LOW STANDBY QUIESCENT CUR- 
RENT 0.2mA 

e INTERNAL CLAMPING DIODES AT CONTACT 
INPUTS TO Vs AND GND 

a INPUT PULSE CURRENT CAPABILITY UP TO 

+ 50mA, — 75mA 

NOMINAL CONTACT CURRENTS OF 10mA 

DEFINED BY EXTERNAL CONTACT SERIES 

RESISTORS Rini-8 

CONTACT STATUS MONITORING BY COM- 

PARING THE RESISTANCE AT CONTACT 

SENSE INPUTS WITH THE INTERNAL REFER- 

ENCE RESISTOR VALUE 

HIGH IMMUNITY DUE TO RESISTANCE COM- 

PARISON WITH HYSTERESIS 


ORDERING NUMBERS: L9704 (DIP-20) 
DESCRIPTION L9704D (SO-20L) 


The L9704 is a bipolar monolithic integrated circuit sere , 
for monitoring the status of up to eight contacts con- _—t contains eight contact sense inputs and eight mi- 
nected to the power supply (battery). crocomputer compatible three-state outputs. 


BLOCK DIAGRAM 


TEN1 IENB IR1 IR8 


CURRENT ; a 
COMPARATOR 


w, ww, 


O 
GND 


ME9SLS7E4 Bl 
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ABSOLUTE MAXIMUM RATINGS 


Test Conditions 


V 
V 


Transient Supply Voltage (t < 1s) 
Logic Supply Voltage 
input DC Current 
VEN 

an 


line Input DC Pulse 50 mA 
(test pulse specification: 0 < tP < 2ms, f < 0.2Hz, n = 25000) -75 mA 


Output Current Internally Limited 


| ve | Enable Input Voltage Voc +0.3 V 
-0.3 V 
Power Dissipation at Tamb = 80°C 
DIP20 875 mW 
S020 420 mW 


Storage and Junction Temperature Range -99 to 150 


THERMAL DATA 


Symbol | Parameter =| IPO | S020 | Unit 


Thermal Resistance Junction to Ambient MAX. 


PIN CONNECTION (top view) 


=" 


2 
3 
4 
Fe) 
3) 
7 
8 
3 
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ELECTRICAL CHARACTERISTICS (5V < Vs < 25V; -40°C < T; s 125°C; 4.75V < Vcc < 5.25V unless 
otherwise specified; the currents flowing in the arrow direction are assumed positive as marked in the 
application circuit diagram, fig. 1). 


|Symbol| Parameter Test Conditions Min. | Typ. | Max. | unit 
Ven. |Enable Input Voltage LOW 
(device activated) 
Enable Input VoltageHIGH = | | | TT 
Enable Input Hysteresis as ee ee aa ee 
len |Enable Input Current 2.4V < Ven < Voc ea: ae eae 
OV < Ven < 0.8V a ae ee 
Output Voltage HIGH 0 < lour < 100uA | 4.0 [Veo-0.1| Voc | Vv | 
F Voun._| Output Voltage LOW foe imi___ggs_| 02 _| 04) ¥ 
Output TRISTATE Current Ovens. | rep 
(device disabled) lin = 30mA 
lin = -30MA 
lout |Output Current OUT = LOW 
VOUT = 5.5V 
Input Resistor (note 1) 5V < Vs < 16V 
LOW Sanaa 
Rin Input Resistor 
Threshold Ratio (note1) 


Input Voltage (device active) EN = LOW 
Rin = 1kQ 
OUT = HIGH 
|A Venp! < 0.1Vs 
Ri =| Input Resistor (note 1) 
Quiescent Current 


Vin [Input Voltage During Clamping |EN = HIGH 
Vs +03] Vs+1 Vs+2 
i -j -0.3 
Vout = 0 
Rit HIGH Threshold 


EN = HIGH (tenn = 80us) 
5V < Vs < 16V 
-40°C < T, < 100°C 


| las | All Inputs Open 
Input Leakage Current All Inputs Closed Veat < Vos EEE 


enh ARM, 

las mA 

= i 
EN LOW to output data read +3Rin Cin 

= eats men PT 
EN HIGH to output TRISTATE 

Notes : 


1. The input resistor threshold value Is a resistor value from the IN-pin to battery at which the corresponding output changes 
its status (see fig. 3) 


8 


2. Slin is the sum of the input currents Slin = Sins 
1=1 


ka SGS-THOMSON 2) 
s/f MICROELECTRONICS 
325 


L9704 


APPLICATION CIRCUIT DIAGRAM 


Figure 1 : Typical application diagram for the L9704 circuit. The current flowing in the arrow direction is as- 
sumed positive. The external capacitors Cin and Court represent the total wiring capacitance at 


the corresponding pins. 
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FUNCTIONAL DESCRIPTION 


The L9704 circuit monitors the status of the contacts 
connected to battery and through the series external 
resistors Rin to the contact sense input pins. The 
contacts equivalent circuit is supposed to be as 
shown in fig. 2. 


The L9704 circuit compares the input current with 
the current through the internal reference resistor. 
The device is designed to work with an external input 
series resistor of Rini-g = 1kQ. With this input resistor 
the contact current, when the contact is closed and 
the device activated (EN = LOW) is 

Vaat + AVBat — 2V 


1KQ (1) 


For this calculation the limit value of the Vin (satura- 
tion voltage of 2V) was considered so that the lowest 
limit value of lin is calculated in (1). 


The function of the circuit can be demonstrated with 
the transfer characteristics, showing the output sta- 


lin = 


be (| 


IOUT1 
> 


| UGUT 1 ale 


OUTS 
O > 


MBGLYZB4-8F —= 


tus as a function of the input resistor Ri, shown in fig- 
ure 3. The input resistor is a sum of the Rin and the 
contact resistance Recon or Reorr, for the closed 
contact : 


Ri = Rin + Roon, (2) 
and for the open contact : 
Ri = Rin + Roorr. (3) 


The output goes HIGH when the input resistance in- 
creases above 6.5kQ (typical value) and goes LOW, 
when the input resistance decreases below 4.8KQ 
(typical value). The limit values of Ri = 1.1KQ for 
LOW and Ri = 29kQ for HIGH implies that a contact 
with Roon = 100Q (at lin = 10mA) will be recognized 
as ON = LOW and a contact with Roorr = 28kQ will 
be recognized as OFF = HIGH. These limits are 
valid within the supply voltage range 5V < Vs < 16V, 
the battery voltage potential difference of 
| AVBAT | < 0.1Vgar and the variation of the reverse 
battery protection diode D1 voltage from 0.5V to 1V. 
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The internal clamping diodes at the contact monito- 
ring inputs, together with the external contact series 
resistors Rin, allows the device to withstand tran- 
sients at the contact connection. The contact series 
resistor Rin limits the input current at the transient. 


The dynamic behaviour of the circuit is defined by 
the times tdo and tats. When the contact becomes 
open, the input capacitor Cij must be charged 


L9704 


through the resistor Rin. In this case the total delay 
time may also be influenced by the time constant Rin 
Cin. The delay time tats, when disabling the device 
is defined only by the internal circuitry. In both cases, 
an external output capacitance less than 50pF is as- 
sumed, the internal output capacitances of the 
three-state buffers are less than 5pF. 


Figure 2 : The Contact Sense Input Connection with the Contact Equivalent Circuit. 
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Figure 3 : The Output Voltage as a Function of the Input Resistance at the Corresponding Contact Sense 
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DOUBLE QUAD CONTACT INTERFACE CIRCUIT 


OPERATING DC SUPPLY VOLTAGE RANGE 

BV TO 25V 

a SUPPLY OVERVOLTAGE PULSE UP TO 40V 

» VERY LOW STAND-BY QUIESCENT CUR- 
RENT, MAX 50nA 

2 INTERNAL CLAMPING DIODES AT CONTACT 
INPUTS TO Vs AND gnd WITH PULSE CUR- 
RENT CAPABILITY UP TO +50mA, -75mA 

» CHIP ENABLE FUNCTION AND TRISTATE 
OUTPUTS FOR PARALLEL BUS CONNECTION 

2 NOMINAL CONTACT CURRENTS OF 10mA 
DEFINED WITH EXTERNAL CONTACT 
SERIES RESISTORS Rini-8 

s CONTACT STATUS MONITORING BY 
MEANS OF COMPARING THE RESISTANCE 
AT CONTACT SENSE INPUTS WITH THE IN- 
TERNAL REFERENCE RESISTOR VALUE 

2 RESISTANCE COMPARING WITH HYS- 

TERESIS FOR HIGH NOISE IMMUNITY AND 

IMMUNITY TO GROUND AND BATTERY 

POTENTIAL DIFFERENCES 


BLOCK DIAGRAM 


ADVANCE DATA. 


<< 


DIP 20 SO20L 


ORDERING NUMBERS :19705 


_ DESCRIPTION 


The L9705 is a bipolar monolithic integrated cir- 
cuit for monitoring the status of up to four con- 
tacts connected to GND and up to four contacts 
connected to the battery. The contact sense input 
supply the contact current and perform the con- 
tact resistance comparison function. 


At the output the contact status is translated into 
a logical LOW level (contact closed) or logical 
HIGh level (contact open). 


flr ee 


COMPARATOR cence at 


IR 1 to 4 


IEN 1 to 4 


ee 


eT 


% 


TIEN 5S to 8 IR 5 to 8 
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ABSOLUTE MAXIMUM RATINGS 


| Symbol | Parameter 
| Vsoc___| DCSupplyVoltage 
| Vse___| Peak Transient Supply Voltage (t<400ms) | st 
| Vec___—| LogicSuppyVotage 
a ae 
| -75tos0 


| timp __| Input Pulse (tp =O to 2ms;f<0.2Hzin=250002) -75 to 50 
Enable Input Voltage 


Prot Total Power Dissipation (Tamb = 80°C) DIP 20 875 
SO 20 420 


Junction Temperature Range 


+26 

+40 
7 

+40 


PIN CONNECTION (top view) 


Wwonradart WN RP 


rs 
Oo 


N92L9785-66 


THERMAL DATA 


Thermal Resistance Junction-ambient 


Thermal Resistance Junction-ambient 


| bip20 | sozoL_| Unit | 
p so | rw 
ee Ea 
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ELECTRICAL CHARACTERISTICS (Vs = 5 to 25V, Vcc = 4.75 to 5.25V, Vbat-0.5V < Vs < Vbat -1V, 
Tj = 40 to 150°C unless otherwise specified. ) 


| Parameter | ~—STestCondition ——|_Min. | Typ. | Max. | 
device activated 
EnableInputVoltageHIGH | —Citsi‘“‘L:C kt | Vo | OV 
=| eee =ieele 
Hysteresis 
Enable Input Current 2.4V < Ven < Voc 5 uA 
OV < Ven < 0.8V -5 -4 A 
/ Vout | Output Voltage HIGH 0 < lour < 100A Voc -0.1 
Output Current OUT status =HIGH;Vour=0 | | 05 | 2 | mA_ 
Output Voltage LOW 02 | 04 


| 0.05 | pov 
[tour | OutputCurrent ———————*«d;COUT status= LOW; Vor=55V| | mA 
| lourts | Output Tnstate Current | O< VOUT <Veo | 
| Vivi | Input Voltage (device active) | EN=LOW;Ain=1KQ |_Vs-2 | Vs-15| Vs-04| V__ 
a aa device active NeNeON Red LOW; Rin= 1KQ ete 


Input VoltageDuring Clamp EN = HIGH; lin= 30mA Vs +0.3 - +1 | Vs +2 
(device disabled) lin =-30MA 2 0.3 

Rit 1,4 Input Resistor LOW Threshold ie < Me <16V; |AVenp |< 0.1Vs 1.8 
(note 1) | AVeat |< 0.1Vpat 

Ris | Input Resistor LOW Threshold i < Vs : 6V; | AVeno|< 0.1Vs 
note 14 | AVear | < 0.1Vpat 

Rin 1.4 Input Resistor HIGH Threshold ‘ < Vs < 16V; |AVenp |< 0.1Vs 5.3 
note 1) | AVeat |< 0.1Veat 

Riuss | Input Resistor HIGH Threshold n < Vs <16V; |AVenp|< 0.1Vs 
note 1 | AVeat |< 0.1Veat 
Input Resistor Threshold Ratio - < Vs <16V; | AVenp|< 0.1Vs 
note 1) | AVeat |S 0.1Veat 

Rin Input Resistor Threshold Ratio x < Vs <16V; | AVenp|<0.1Vs 

note 1) | AVeat |< 0.1Vpat 

lac Quiescent Current EN = HIGH (tenn >20us) 40 

Ws=5io 1eV. T= 4lees'o 5 to 16V; T, = -40 to 85°C 


uA 
Quiescent Current | allcontactopen contact open rom feat eee Bd 
Quiescent Current all contact closed p——-| —__}_95 fy 
ShigscantGurrent | AVeat |< 0.1Veat a aa LWA 


EN = LOW EE 


te legac Quiescent Current EN = [EN=LOW——(isi‘<sétés~s~*=*”rY Ce 
tdo Delay Time/Output (EN LOW to Court $ 50pF 154+ 
Output Data Ready) (note 3) SRin*Cin 
Delay Time/Tristate (ENHIGH | Cour < 50pF mecca 
to Output Tristate ie 3 
Delay Time Input-Output (note 3) | EN = LOW; Court = 50pF a re Se ee 


NOTES: 


1) The input resistor threshold value is a resistor value from the IN-pin to ground at which the corresponding output changes tts status (fig 4) 
2) Zlinis the sum of the IN5 to IN8 input currents 


3) The delay times are defined from the crossing point of 50% initiating signal amplitude to the crossing point of 50% output signal amplitude 
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Figure 1: Typical application diagram for the L9705 circuit. The current flowing in the arrow direction is 
assumed positive. The external capacitors Cin and Court represent the total wiring 
capacitance at the corresponding pins. 
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FUNCTIONAL DESCRIPTION pins. The contacts equivalent circuit is supposed 

oa ’ to be as shown in fig.2 for GND connected con- 
The L9705 circuit monitors the status of the con- tacts (IN 1 to 4) and as shown in fig. 3 for Veat 
tacts which are connected through the series ex- — cgnnected contacts (IN 5 to 8). 


ternal resistors Rin to the contact sense input 


Figure 2: The contact sense input connection with the contact equivalent circuit for GND connected 
contacts. 


OUT1 to 4 
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Figure 3: The contact sense input connection with the contact equivalent circuit for Vaat connected 
contacts. 


O 
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The L9705 circuit compares the input current with 
the current through the internal reference resistor. 
The device is designed to work with an external 
input series resistor of Rint-3 = 1KQ. With this 
input resistor the contact current, when the con- 
tact is closed and the device activated (EN 
=LOW) is: 


Vs-—2V 
1KQ 


lin = for GND contacts, (1) 


L9705 


_ Veat + AVBat - 2V 


lin = 1KO , for Veat contacts, (2) 
For this calculation the limit value of the Vs to Vin 
and Vin saturation voltage of 2V was considered 
so that the lowest limit value of lin is calculated in 
(1) and (2) 


Figure 4: The output voltage as a function of the input resistance at the corresponding sense input. 


NS2L97ES-@S 


for GND contacts RI <1.8K: 
for UBAT contacts RI <1 8K° 


S.3K 26K <RI 


4.8K 6.5K 29K <RI 
RIL 


RIH 


The function of the circuit can be demonstrated 
with the transfer characteristics, showing the out- 
put status as a function of the input resistor Ri, 
shown in figure 4. The input resistor is a sum of 
the Rin and the contact resistance Rcon or 
Roorr, for the closed contact: ‘ 


Ri= Rin + Reon, (8) 
and for the open contact: 
Ri = Rin+ Reorr, (4) 


The output goes HIGH when the input resistance 
increases above 5.3KQ (GND contacts) or 6.5KQ 
(VBat contacts) and goes LOW, when the input 
resistance decreases below 4KQ (GND contacts) 
or 4.8KQ (Veat contacts); these values are typical 
values for the switching thresholds. The limit 
values of Ri = 1.8KQ (GND contacts) and R; = 
1.8KQ (Vsat contacts) for LOW and Ri = 20KQ 
(GND contacts) and 29KQ (Veat contacts) for 
HIGH implies that a contact with Rcon = 100Q ( at 
lin = 10mA) will be recognized as ON = LOW and 
a contact with Roorr = 19KQ2 (GND contacts) or 
28KQ (Veat contact) will be recognized as OFF = 
HIGH. 


These limits are valid within the supply voltage 
range 6V < Vs < 16V, the ground potential dif- 
ference of AVanp = 0.1Vs, the battery voltage 
potential difference of AVeat < 0.1VsBat and the 
variation of the reverse battery protection diode 
D1 voltage from 0.5V to 1V. 


The internal clamping diodes at the contact moni- 
toring inputs together with the external contacts 
series resistors Rin allows to withstand the tran- 
sients at the contact connection.The contact 
series resistor Rin limits the input current at the 
transient. 


The dynamic behaviour of the circuit is defined 
with the times tdo and tats. When the contact is 
open, the input capacitor Cin must be charged 
through the resistor Rin. In this case the total 
delay time tdo may be influenced also with the 
time constant RinCin. 


The delay time tats, when disabling the device, is 
defined only with the internal circuitry. In both 
cases, output external capacitance less than 
50pF is assumed, the internal output capacitance 
of the tristate buffers are less than 5pF. 
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Ay/ sare i a L9811 


HIGH SIDE DRIVER CIRCUIT 


ADVANCE DATA 


a OPERATING SUPPLY VOLTAGE RANGE MULTIPOWER BCD TECHNOLOGY 
6 TO 45V 


a SASHORT CIRCUIT CURRENT 
=» Ron LESS THAN 400mQ 


» uP COMPATIBLE INPUT WITH THRESHOLD 
HYSTERESIS 


» DC AND PWM OPERATION 


ws HIGH PERFORMANCE DIAGNOSTIC FUNC- 
TION 


» SHORT CIRCUIT AND THERMAL OVER- 
LOAD PROTECTIONS 


=» GROUNDED CASE Heptawatt 
a» ENABLE INPUT FOR STANDBY MODE ORDERING NUMBER: L.9814 


DESCRIPTION 

The L9811 is a monolithic integrated circuit real- ductive or resistive loads. It features all functions 
ized in Multipower BCD Technology. Itis anintel- | necessary for automotive enviroment including 
ligent high side driver designed especially for in- high performance diagnostic. 

BLOCK DIAGRAM 


DIAGNOSTIC 
OUT 


- OUT IOUT 


M31L9811-62 
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L9811 


ABSOLUTE MAXIMUM RATINGS 

| Symbol __| Parameter | Value | Unit 
De Supply Voltage 
| Vs-Vo | SupplytoQutputVoltage wt 
| Ves___—| BoostrapVoltage 
| lo | Output Current 
Diagnostic Output Voltage 
Diagnostic Output Current 
Thermal Shutdown Threshold 
Thermal shutdown Hysteresis 


PIN CONNECTION 


TAB CONNECTED TO PIN 4 MN91L9B11-45 


THERMAL DATA 

| Symbol _| Parameter | Value |Uniit | 
Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient °C/W 


DIAGNOSTIC DECISION TABLE 
OVERCURRENT 
PH [ tc fx | stor | xX [OPENLOAD “ON” 
| oH | L [<Vs-Voexo*| xX | <Tyso_ [EXCESSIVE DROP “ON” 
x STANDBY MODE H 


(*)Parameter causing Diagnostic = LOW 


= ky Scs:THomson 
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L9811 


ELECTRICAL CHARACTERISTICS (Vs = 6 to 45V (1); Tamb = -40 to 150°C; Ven = HIGH; unless otherwise 
specified.) 


| Symbol | —Parameter__—|_—Test Condition |_Min. | Typ. | Max. | Unit_ 
Ron | ONResistance | Vi 0.8V; Tam t25°C | | 200 | 400 | mo | 
| loc) | OutputCurrent | Vom-tev | t0 |_| 


OFF State Quiescent Current Vi > 2V; Vs= 32V; 4.5 10 mA 
Vi> 2V; 7.5 12 mA 
ON State Quiescent Current Vi < 0.8V; Vs= 32V; 45 10 mA 
Vi < 0.8V; 10 16 mA 

ae ae ee ee 


Vi_| InputLlowLevel | 
Vin__| InputHighLevel = | —“(i‘“‘iLC 
Viru_ | InputThresholdHysteresis, | C—“‘“‘CS™C*r:CSN SL st | S| 
In| InputCurrent | MaOtoscv | | | to | 


IDFL Diagnostic Output Leakage Tamb < 125°C; Vp = 6 to 32V 
Current Diagnostic output High 
VDFL Diagnostic Output Low 
VoeEXD Excessive Dropout Voltage 1 kd 2 V 
Detection Level 
VopTH Output Diagnostic Threshold 4 
tao _| Diagnostic Delay Time [oe 


lass Standby Mode Quiescent Ven < 0.8V; Tamb < 125°C; 
Current Vs = 27V 
Vs =13V 


VENL Enable Level Low 
Vews | EnableLevelHigh | 
Very | EnableThresholdHysteresis_ | || 00 | |v 
IENH Ven =2 to 5.5V; Ven <Vs-2 V 


ores 7) 
Qo : 
= 

>> < 


IENL Enable Input Current Low Ven =0to 0.8V; -1 


ON Rise Time 3) with Ca: Vs < 32V 
Vs > 8V 


tron 


Vs >10V 
torr > 0.3ms 


torr OFF Fall Time 
taon 
taore 

t 


Notes: 
1) For Vs < 6V the device can switch off. 
2) An external recirculation path must be assured in PWM operation to avoid excessive power dissipation 


3) Measured with resistive load and ILoap= 1A from 10% to 90% of the output voltage amplitude with Ca = 33nF and after torr < 10us 
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L9811 


APPLICATION DIAGRAM: DC Operation 


DIAGNOSTIC 
OUT 


N91L.9811-89 51U D4 aah 


APPLICATION DIAGRAM: PWM Operation 


VOLTAGE 
| REGULATOR 


_IEN 


6 
E 


DIAGNOSTIC 
OUT 


CHARGE 
PUMP 


DRIVING 
OUT IOUT 
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AY, BiBorseremnes 


m OPERATING SUPPLY VOLTAGE RANGE 6 
TO 45V 

a» TYPICAL OUTPUT CURRENT 2.7A 

» Ron LESS THAN 400mQ 


» uP COMPATIBLE INPUT WITH THRESHOLD 
HYSTERESIS 


» DC AND PWM OPERATION 


» HIGH PERFORMANCE DIAGNOSTIC FUNC- 
TION 


m SHORT CIRCUIT AND THERMAL OVER- 
LOAD PROTECTIONS 

» GROUNDED CASE 

» ENABLE INPUT FOR STANDBY MODE 


DESCRIPTION 


The L9812R is a monolithic integrated circuit real- 
ized in Multipower BCD technology. It is an intelli- 
gent high side driver designed expecially for in- 


BLOCK DIAGRAM 


: | UOLTAGE 
| REGULATOR 


[ie ue 


M91L9811-82 


February 1992 


L9812R 


HIGH SIDE DRIVER CIRCUIT 


HEPTAWATT 
ORDERING NUMBER: L9812R 


ductive or resistive loads. It features all functions 
necessary for automotive environment including 
high performance diagnostic. 


DIAGNOSTIC 
OUT 


-OUT IOUT 
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L9812R 


ABSOLUTE MAXIMUM RATINGS 


| symbol | Parameter | Value | Unit 
| Vs-Vo | SupplytoOutputVoltage | OC EC 
| Ves__—(| BootstrapVoltage TC“ CdCl 
| lo _| Output Current 
Diagnostic Output Voltage 
Diagnostic Output Current 
Thermal Shutdown Threshold 


Thermal shutdown Hysteresis °C 


PIN CONNECTION 


TAB CONNECTED TO PIN 4 N91L9811-65 


THERMAL DATA 
Thermal Resistance Junction-case 
Thermal Resistance Junction-ambient 


DIAGNOSTIC DECISION TABLE 


L 


FUNCTION DIAGNOSTIC 


xwoue| neu a 
OFF | oH | H | Lc {| X___| sTuso* [THERMALOVERLOAD“OFF” [Li 
NORMAL “ON” 
THERMAL OVERLOAD “ON” 
OVERCURRENT 


(*)Parameter causing Diagnostic = LOW 
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ELECTRICAL CHARACTERISTICS (Vs = 6 to 45V (1); Tj = -40 to 150°C; Ven = HIGH; unless otherwise 


specified.) 
| Min. | Typ. | Max. | Unit _ 


| Row | ONResistance | ixoavity< tec || 200 | 400 | mo 
loc | | too | ma _| 


OFF State Quiescent Current Vi > 2V; Vs= 32V; 4.5 10 mA 
Vi>2v; 7.5 12 mA 
ON State Quiescent Current Vi < 0.8V; Vs = 32V; 4.5 10 mA 

Vi < 0.8V; 10 16 mA 


| Vu | InputlowLevel =| —C—i‘irLS ot | 

| Vw | inputHighLevel, =| 

| Viry_ | InputThresholdHysteresis_ | | 50s || to || S| 

| iw | InputCurrent =f ie otossv Tt |p 
Current Diagnostic output High 


| Vor,__| DiagnosticOutputLow | orx2mA | Tt | 


VoEXxD Excessive Dropout Voltage 1 1.5 2 V 
Detection Level 


Output Diagnostic Threshold |Viz2v = CTC | V 
Diagnostic Delay Time 


lasB Standby Mode Quiescent Ven < 0.8V; T, < 125°C; Vs= O7V 
Current Vs= 13V 


Enable Level Low Standby Mode 
Enable Level High 


ae ee 
Enable ThresholdHysteresis, | CST || 100 || S| 
Enable Input Current High Ven =2t05.5V: Ven <Vs-2 | | 
Enable Input Current Low Ven = 0 to 0.8V; 
tron ON Rise Time (3) with CB: Vs < 32V 
Vs > 8V 
Vs > 10V 
torr > O.3ms 
OFF Fall Time Vs =8 to 32V P| 
ON Delay Time Vs =8 to 32V ar, 
OFF Delay Time Vs = 8 to 32V ae 
Diff. Delay Time tuon - téoFF ey 
Notes: 


VS = 8 to 32V 


1) For Vs < 6V the device can switch off 
2) An external recirculation path must be assured in PWM operation to avoid excessive power dissipation 


3) Measured with resistive load and ILoap= 1A from 10% to 90% of the output voltage amplitude with Cs = 33nF and after torr < 10us 
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APPLICATION DIAGRAM: DC Operation 


DIAGNOSTIC 


OUT 
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APPLICATION DIAGRAM: PWM Operation 


DIAGNOSTIC 
OUT 
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HIGH SIDE DRIVER 


ADVANCE DATA 


a 25A PEAK OUTPUT CURRENT 
a Ron = 100mQ MULTIPOWER BCD TECHNOLOGY 
sp DIAGNOSTIC AND PROTECTION 


FUNCTIONS 
» uP COMPATIBLE 
s GROUNDED CASE 
as INRUSH CURRENT LIMITING CIRCUIT 


DESCRIPTION 


The L9821 High Side Driver realized with Multipo- 
wer - BCD mixed technology, drives resistive or in- 
ductive loads with one side connected to ground. Pentawatt 


The input control is TTL compatible and a diagnos- 
tic output provides an indication of load (open and 
short) and device status (thermal and overvoltage 
shutdown). On chip thermal protection and shortcir- The device is assembled in the Pentawatt package 
cuit protection are provided. with the tab connected to the ground terminal. 


ORDERING NUMBER - 19821 


BLOCK DIAGRAM 


VOLTAGE 


VOLTAGE ° 
REGULATOR 


DIAGNOSTIC : 
OUT 


M@GL98E1-@5 


September 1990 1/5 
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L9821 


ABSOLUTE MAXIMUM RATINGS 


Max Forward Voltage 
Positive Transient Peak Voltage (dump : t;¢ fall time constant = 
100ms, 5ms < trse < 10mS, Resource = 0.5Q) 

— Resistive Load 
— Inductive Load 


Reverse Input Voltage — 0.3Vdc 


Input Voltage Pin 2 (to GND) — 0.3V /+ Vs (Vs < 20V) 
Pin 4 Voltage (to GND) —0.3V/4+ Vs (Vs < 20V) 
Pin 5 Voltage (to GND) —3V/4Vs (Vs < 20V) 
Pin 1 Current Internally Limited 
Pin 2 Current (forced) 0.5mA 


Pin 4 Current (sink) 10mA 
Pin 5 Current Internally Limited 


Power Dissipation Internally Limited 
Junction and Storage Temperature Range — 55°C to + 150°C 


THERMAL DATA 


Thermal Resistance Junction-case Max 


PIN CONNECTION (top view) 


2S OUT 
4, CC > CDI AGN. OUT 
<a GND 


2{, SO INPUT 
1S. +Us 


N@GL9YB21-82 
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L9821 


PIN FUNCTIONS 


1. POWER SUPPLY condition. This output detects with Tipically 45ms 


Supply voltage input. When the supply reaches the delay at Tamb = 25°C the following faults : 
maximum operating voltage (32V) the device is tur- 
ned off, protecting itself and the load. 
Turning off guaranteed for Vs > 41V. 


. Overvoltage condition. 
. Thermal shutdown. 


. Shortcircuit. The power stage currentis internally 
2. INPUT limited at 25A. 
TTL compatible input. High level on this pine: - Open load. The open load condition is detected 
output current ON. The low level voltage switches off with load current < 0.6A 
the charge pump, the power stage and the diagno- ae 
stic output reducing to the minimum value the quie- —_'he diagnostic output is active low. The diagnostic 
scent current. delay time allows to avoid spurious diagnosys (i.e : 
turn ON overcurrent, overvoltage spikes etc.). 
3. GROUND 


ened 5. POWER OUTPUT 
This pin must be connected to ground. pad — 
The device is provided with short circuit protection. 
4. DIAGNOSTIC FEEDBACK 


The diagnostic circuit is active in input high level 


ELECTRICAL CHARACTERISTICS (Vs = 14.4V; -40°C < Tj < 125°C, unless otherwise specified) 


| Symbol | Parameter 
Operat. Voltage 


oe | 


Test Condition 


| Min. | Typ. | Max. | 
3 Peierls = Suen 
Input >2V:Full T range 0.2 
| Isc__| Shortorovitcurent | ls 
| In. ___| OverCurrentDetectionLevel | | | ct | 
| loro _| Open Load Detection Level" | DeveeON | Tt 
| Vciamp | Output Under Voltage Clamping | licaa<6A Inductive | -12 | | 4 
T, = 35 to 85°C anes ee 300 
1 


T= 25°C 
Vi = Vihreshot 


ILEAKD Diagnostic Output Leakage VCC = 5V 
Voltage Diagnostic Output 


VSATD Diagnostic Output Saturation Isink <1.6mMA 
Voltage 


Tpd Diagnostic Delay Time T, = 25°C: 


tdon = 25° 

t T= 25°C 

tiore T= 25°C 
ti T= 25°C 


oO 


lon 
Vit 
Vin 


Nm 
ro) 


4 

nN 

on 

QO 
oO a 
a o1 


Oo 
o1 


= |p 
aon} 
—, 
rs) 
on 


on 
co) 


100 


us 
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L9821 


FUNCTIONAL DESCRIPTION 


The L9821 is ahigh side drive monolithic switch, dri- 
ven by TTL, CMOS input logic, able to supply resi- 
Stive or inductive loads up to 6A DC allowing a 
current peak of 25A with a Rpsyon = 0.1. The elec- 
tronic switch, in addition to its main function, protects 
itself, the power network and the load against load 
dump (up to 60V) and overload and it detects short 
circuit, open load and overtemperature conditions. 
All these functions (logic control and power actua- 
tion) are possible on a single chip thanks to the new 
mixed ST Multipower BCD technology that allows to 
integrate isolated DMOS power transistors in com- 
bination with Bipolar and CMOS signal structures on 
the same chip. 


The high side drive connection (series switch bet- 
ween the load and the positive power source) is par- 
ticularly suited in automotive environment where the 
electrochemical corrosion withstanding has primary 
importance. For this connection the best solution is 
a Power MOS N-channel which requires for driving 
only a capacitive charge pump completely integra- 
ted on the switch chip. 

The L9821 is based on a power DMOS series ele- 
ment, a driving circuit with a charge pump, an input 
logic interface and on some protection and fault de- 
tection circuits. 


The power DMOS transistor has a Rosion) = 0.12 
(typ. value @ Ty = 25°C, Vas = 10V). The low value 
of Rpson) is important both to increase the power 
transferred to the load and to minimize the power 
dissipated in the device. 


The charge pump is a capacitive voltage tripler star- 
ting from power supply (car battery), driven by a 
500kHz oscillator. 


The input interface is based on a circuitry solution 
able to guarantee the stability over temperature of 
the TTL logic levels and very low quiescent current 
in OFF condition. 


When the supply reaches the maximum operating 
voltage (82V) the device is turned OFF, protecting 
itself and the load ; moreover local zener clamps are 
provided in some critical points to avoid that Ves of 


any MOS transistor could reach dangerous values 
even during 60V load dump transient. 


The inrush current limiting is a significant feature of 
the L9821. This function allows to protect the power 
supply network and may extend the life of the loads. 
For example, in the case of the lamps, the tungsten 
wire resistance value in cold condition is about one 
tenth of the nominal steady state and then the inrush 
current during the turn on is statistically one of the 
main causes of lamps failures. If the high current 
condition persists (e.g. load short circuit) and the 
junction temperature rises above 150°C, the thermal 
protection circuit turns off the device preventing any 
damage. The current limiting and the thermal shut- 
down are sufficient to protect the device against any 
overload because the power DMOS has notthe sec- 
ond breakdown. 


When the L9821 is driven and one of the protec- 
tions (overtemperature, overvoltage, overload) is 
present, a fault detection open drain output turns 
on. This output is active also when liad is lower 
than 0.6A detecting the open load (disconnected or 
burned out). The diagnostic output detects fault 
conditions with 25ms delay in order to avoid spu- 
rious diagnosys (i.e. : turn on overcurrent, overvol- 
tage spikes etc.). In OFF conditions the fault 
detection circuits are not active to allow a minimum 
quiescent current. 


The device can drive unipolar DC motors and sole- 
noids as well because it can recirculate an inductive 
current when the output voltage goes lower than 
Vclamp Value (typically - 6.5V in respect to ground). 
The possibility to have a start up current is useful 
also for DC motors allowing the maximum starting 
torque. 


TYPICAL APPLICATION OF THE L9821 


The L9821 integrated high side driver can be used 
to replace an electromechanical relay. 


Inductive load (i.e. solenoids, motors) can be driven 
by the L9821. No external components are required 
for the coil current recirculation, because the device 
provides this function internally. 
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Figure 1. 


DIAGNOSTIC 


FEEDBACK 
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L9822 


OCTAL SERIAL SOLENOID DRIVER 


ADVANCE DATA 


a EIGHT HIGH CURRENT OUTPUTS CAPABLE 
OF DRIVING UP TO 0.75A PER OUTPUT 

» 8 BIT SERIAL INPUT DATA 

» 8 BIT SERIAL DIAGNOSTIC OUTPUT FOR 
OVERLOAD AND OPEN CIRCUIT CONDI- 
TIONS 

» OUTPUT SHORT CIRCUIT PROTECTION 

a CHIP ENABLE SELECT FUNCTION (active low) 

a INTERNAL 34V CLAMPING FOR EACH OUT- 
PUT 

a CASCADABLE WITH ANOTHER OCTAL 
DRIVER 


DESCRIPTION 


TheL9822 is anoctal low side solenoid driver rea 
lized in Multipower-BCD technology particularly sui- 
ted for driving lamps, relays and solenoids in auto- 
motive environment. 


Multiwatt15 
ORDERING NUMBER : L9822 


Data is transmitted serially to the device using the 
Serial Peripheral Interface (SPI) protocol. 


The L9822 features the outputs status monitoring 


function. 


BLOCK DIAGRAM 


168us DELAY 


INTERNAL 
ZENER CLAMP ¥ 


PARALLEL CLOCK RESET 
FAULT 
Ee2peee CURRENT 


PARALLEL 
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FAULT RESET 
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PIN CONNECTION (top view) 


OUTPUT 


4 
5 
6 
7 


VOLTAGE 


CHIP ENABLE 
OUTPUT @ 
OUTPUT 
OUTPUT 
OUTPUT 


BPN GQeu an @ 
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ABSOLUTE MAXIMUM RATINGS 


Symbol | Parameter | Value | Unit 
DC Logic Supply 
Output Voltage 


Input Transient Current 

(CE, SI, SCLK, RESET, SO) : 

Duration Time t = 1s, 

Vi <0 — 25 mA 
Vi>Vec + 25 mA 


lode Continous Output Current (for each output) Int. Limited 
Junction and Storage Temperature Range 


f 


THERMAL DATA 


Rthj-case| Thermal Resistance Junction-case Max 3 °C/W 
Rth j-amb | Thermal Resistance Junction-ambient Max 35 °C/W 
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PIN DESCRIPTION 


Vcc 
Logic supply voltage - nominally 5V 


GROUND 


Device Ground. This ground applies for the logic cir- 
cuits as well as the power output stages. 


RESET 


Asynchronous reset for the output stages, the par- 
allel latch and the shift register inside the L9822. 
This pin is active low and it must not be left floating. 
A power on clear function may be implemented con- 
necting this pin to Vcc with an external resistor and 
to ground with an external capacitor. 


CE 


Chip Enable. Data is transferred from the shift reg- 
isters to the outputs on the rising edge of this signal. 
The falling edge of this signal sets the shift register 
with the output voltage sense bits coming from the 
output stages. The output driver for the SO pinis en- 
abled when this pin is low. 


SO 


Serial Output. This pin is the serial output from the 
shift register and it is tri-stated when CE is high. A 
high for a data bit on this pin indicates that the par- 


ticular output is high. A low on this pin for a data bit 
indicates that the output is low. 


Comparing the serial output bits with the previous 
serial input bits the external microcontroller imple- 
ments the diagnostic data supplied by the L9822. 


Sl 


Serial Input. This pin is the serial data input. A high 
on this pin will program a particular output to be OFF, 
while a low will turn it ON. 


SCLK 


Serial Clock. This pin clocks the shift register. New 
SO data will appear on every rising edge of this pin 
and new S| data will be latched on every SCLK’s fall- 
ing edge into the shift register. 


OUTPUTS 00-07 


Power output pins. The input and output bits corres- 
ponding to 07 are sent and received first via the SPI 
bus and 00 is the last. The outputs are provided with 
Current limiting and voltage sense functions for fault 
indication and protection. The nominal load current 
for these outputs is 500mA, but the current limiting 
is set to a minimum of 1.2A. The outputs also have 
on board clamps set at about 32V for recirculation 
of inductive load current. 


ELECTRICAL CHARACTERISTICS (Vcc = 5V £5%. T, = — 40 to 125°C ; unless otherwise speciifed) 


Vsat Buiet Sat. Voltage 
lo =0.5A 


lo =0.75A 
lo =1A 
With Fault Reset Disabled 


[a [on Gren it Pouputg on [ne 


Fault Reset Delay 
(after CE L to H 
transition) 


[Parameter [Test Conditions | Min. [7 
ia | iia cameg Wh | a oeees Pores a0 
[foc [Ow cans way |e =05A, Wien ON [20 
[Toeas | Out Leakage Current | Vo =24V, Output Prog OFF | 


Output aE ON 


teHL Turn-on Delay lo = 500mA 
No Reactive Load 
teLH Turn-off Delay lo = 500mA 
No Reactive Load 
VOREF Fault Refer. Voltage Output Progr. ON 
Fault detected if Vo > Vorer 


_ ia ial 
VoFF Output OFF Voltage Output Progr. OFF, 0 
Output Pin Floating. 
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L9822 


ELECTRICAL CHARACTERISTICS (continued) 
INPUT BUFFER (SI, CE, SCLK and RESET pins) 


[Parameter | Test Conditions | ‘Min. | Typ. | Max. | Unit | 
Vr Threshold Voltage at Vec =5V + 10% 0.2Vcc V 
Falling Edge 
Vt Threshold Voltage at Voc =5V + 10% 0.8Vcc V 
Rising Edge 


[Hysteresis Voltage | Viv-Vr- fs || 2 | 
Input Current | Voc =5.25V,0<Vi<Voo | ~10 | | +10 | wa | 
| Ci __| Input Capacitance | O<vi<Voo | 20) 


OUTPUT BUFFER (SO pin) 


[symbot | Parameter | Test Conditions | win. | Typ. | Max. | Unit | 
T Veo | OutputLowvotage [io=tema YT 


V 
VsouH Output HIGH Voltage lo = 0.8mA Vec V 
— 1.3V 
Isotl Output Tristate Leakage| 0 < Vo < Vcc, CE Pin Held High, -— 10 10 LA 
Current Voc = 5.25V 
Cso Output Capacitance 0<Vo <Vcc 20 pF 
CE Pin Held High 


Quiescent Supply T, = 125°C 5 151 mA 


Current at Vcc Pin T, = 25°C 
All Outputs Progr. ON. 


Voc = 20 to 70% Cr. = 200pF 


Data Valid Time 
Rise Time (SO output) 
Fall Time (SO output) | Vcc =70 to 20% C, =200pF 


trsi Rise Time SPI Voc =20 to 70% Cy = 200pF 
Inputs (SCK, SI, CE) 


tis Fall Time SPI Voc = 70 to 20% Cy, =200pF 
Inputs (SCLK, SI, CE) 


Output Data Hold Time fo 
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FUNCTIONAL DESCRIPTION 


The L9822 is a low operating power device featu- 
ring, eight 0.75A open collector drivers with transient 
protection circuits in output stages. Each channel is 
independently controlled by an output latch and a 
common RESET line which disables all eight outputs. 
The driver has low saturation and short circuit protec- 
tion and can drive inductive and resistive loads such 
as solenoids, lamps and relais. Data is transmitted to 
the device serially using the Serial Peripheral Inter- 
face (SPI) protocol. The circuit receives 8 bit serial 
data by means of the serial input (SI) which is stored 
in an internal register to control the output drivers. 
The serial output (SO) provides 8 bit of diagnostic 
data representing the voltage level at the driver out- 
put. This allows the microprocessor to diagnose the 
condition of the output drivers. 


The output saturation voltage is monitored by a 
comparator for an out of saturation condition and is 
able to unlatch the particular driver through the fault 
reset line. This circuit is also cascadable with an- 
other octal driver in order to jam 8 bit multiple data. 
The device is selected when the chip enable (CE) 
line is low. 


Additionally the (SO) is placed in a tri-state mode 
when the device is deselected. The negative edge 
of the (CE) transfers the voltage level of the drivers 
to the shift register and the positive edge of the (CE) 
latches the new data from the shift register to the 
drivers. When CE is Low, data bit contained into the 
shift register is transferred to SO output at every 
SCLK positive transition while data bit present at S! 
input is latched into the shift register on every SCLK 
negative transition. 


INTERNAL BLOCKS DESCRIPTION 


The internal architecture of the device is based on 
the three internal major blocks : the octal shift reg- 
ister for talking to the SPI bus, the octal latch for hold- 
ing control bits written into the device and the octal 
load driver array. 


SHIFT REGISTER 


The shift register has both serial and parallel inputs 
and serial and parallel outputs. The serial input ac- 
cepts data from the SPI bus and the serial output 
simultaneously sends data into the SPI bus. The 
parallel outputs are latched into the parallel latch in- 
side the L9822 at the end of a data transfer. The par- 
allel inputs jam diagnostic data into the shift register 
at the beginning of a data transfer cycle. 


PARALLEL LATCH 


The parallel latch holds the input data from the shift 
register. This data then actuates the output stages. 


L9822 


Individual registers in the latch may be cleared by 
fault conditions in order to protect the overloaded 
output stages. The entire latch may also be cleared 
by the RESET signal. 


OUTPUT STAGES 


The output stages provide an active low drive signal 
Suitable for 0.75A continuous loads. Each output 
has a current limit circuit which limits the maximum 
output current to at least 1.0A to allow for high inrush 
currents. Additionally, the outputs have internal 
zeners set to 35 volts to clamp inductive transients 
at turn-off. Each output also has a voltage compara- 
tor observing the output node. If the voltage exceeds 
1.6V on an ON output pin, a fault condition is as- 
sumed and the latch driving this particular stage is 
reset, turning the output OFF to protect it. The timing 
of this action is described below. These compara- 
tors also provide diagnostic feedback data to the 
shift register. Additionally, the comparators contain 
an internal pulldown current which will cause the cell 
to indicate a low output voltage if the output is pro- 
grammed OFF and the output pin is open circuited. 


TIMING DATA TRANSFER 


Figure #2 shows the overall timing diagram from a 
byte transfer to and from the L9822 using the SPI 
bus. 


CE High to Low Transition 


The action begins when the Chip Enable (CE) pin is 
pulled low. The tri-state Serial Output (SO) pin driver 
will be enabled entire time that CE is low. At the fall- 
ing edge of the CE pin, the diagnostic data from the 
voltage comparators in the output stages will be 
latched into the shift register. If a particular output is 
high, a logic one will be jammed into that bit in the 
shift register. If the output is low, a logic zero will be 
loaded there. The most significant bit (07) should be 
presented at the Serial Input (SI) pin. A zero at this 
pin will program an output ON, while a one will pro- 
gram the output OFF. 


SCLK Transitions 


The Serial Clock (SCLK) pin should then be pulled 
high. At this point the diagnostic bit from the most 
significant output (07) will appear at the SO pin. A 
high here indicates that the 07 pin is higher than 
1.5V. The SCLK pin should then be toggled low then 
high. New SO data will appear following every rising 
edge of SCLK and new SI data will be latched into 
the L9822 shift register on the falling edges. An un- 
limited amount of data may be shifted through the 
device shift register (into the SI pin and out the SO 
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pin), allowing the other SPI devices to be cascaded 
in a daisy chain with the L9822. 


CE Low to High Transition 


Once the last data bit has been shifted into the 
L9822, the CE pin should be pulled high. 


At the rising edge of CE the shift register data is 
latched into the parallel latch and the output stages 
will be actuated by the new data. An internal 135 
usec delay timer will also be started at this rising 
edge. During the 135 usec period, the outputs will 
be protected only by the analog current limiting cir- 
cuits since the resetting of the parallel latches by 
faults conditions will be inhibited during this period. 
This allows the part to overcome any high inrush cur- 
rents that may flow immediately after turn on. Once 
the delay period has elapsed, the output voltages 
are sensed by the comparators and any output with 
voltages higher than 1.6V are latched OFF. It should 
be noted that the SCLK pin should be low at both 
transitions of the CE pin to avoid any false clocking 


Figure 1 : Byte Timing with Asynchronous Reset. 


of the shift register. The SCLK input is gated by the 
CE pin, so that the SCLK pin is ignored whenever 
the CE pin is high. 


FAULT CONDITIONS CHECK 


Checking for fault conditions may be done in the fol- 
lowing way. Clock in a new control byte. Wait 260 
microseconds or so to allow the outputs to settle. 
Clock in the same control byte and observe the diag- 
nostic data that comes out of the device. The diag- 
nostic bits should be identical to the bits that were 
first clocked in. Any differences would point to a fault 
on that output. If the output was programmed ON by 
clocking in a zero, and a one came back as the di- 
agnostic bit for that output, the output pin was still 
high and a short circuit or overload condition exists. 
If the output was programmed OFF by clocking in a 
one, and a zero came back as the diagnostic bit for 
that output, nothing had pulled the output pin high 
and it must be floating, So an open circuit condition 
exists for that output. 


ooo 0c—— 
OE BSEBBEE 


OUTPUTS OLD \ NEU £ RESET 
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Figure 2 : Timing Diagram. 
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Figure 3 : Typical Application Circuit. 
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3GS-THOMSON 
NICROELECTRONICS L9822E 


OCTAL SERIAL SOLENOID DRIVER 


PRODUCT PREVIEW 


EIGHT LOW Rpson DMOS OUTPUTS 7 
(10 AT lo = 1A) MULTIPOWER BCD TECHNOLOGY 


a 8 BIT SERIAL INPUT DATA (SPI) 

a 8 BIT SERIAL DIAGNOSTIC OUTPUT FOR 
OVERLOAD AND OPEN CIRCUIT CONDITIONS 

» OUTPUT SHORT CIRCUIT PROTECTION 

» CHIP ENABLE SELECT FUNCTION (active low) 

» INTERNAL 36V CLAMPING FOR EACH OUT- 
PUT 

a CASCADABLE WITH ANOTHER OCTAL 
DRIVER 

a LOW QUIESCENT CURRENT (10mA MAX.) 

n PACKAGE MULTIWATT15 


Multiwatt15 


tomotive environment. Thanks to the DMOS outputs 
L9822E has a very low power consumption. 


BESS ie Data is transmitted serially to the device using the 
TheL9822E is anoctal low side solenoid driver Serial Peripheral Interface (SPI) protocol. 

rea lized in Multipower-BCD technology particularly The L9822E features the outputs status monitoring 
sulted for driving lamps, relays and solenoids in au- function. 


BLOCK DIAGRAM 


1986uUs DELAY 


TRIGGER OUTPUT 


INTERNAL 
ZENER CLAMP @ 


CURRENT 
LIMIT [ 


8 BIT 
PARALLEL 
LATCH 


8 BIT FAULT RESET 
SHIFT ole de eed lie OUTPUTS 
REGISTER 


PARALLEL 
INPUTS 


INDICATORS 


SERIAL 


INPUT 
FAULT INDICATOR FAULT 


REFERENCE 
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PIN CONNECTION (top view) 


N392LI9B22Z2E-82 


ABSOLUTE MAXIMUM RATINGS 


Parameter 


DC Logic Supp! 
Output Voltage | -o7 | 40 | 


40 
Input Transient Current 
(CE, SI, SCLK, RESET, SO): 
Duration Time t = 1s, 
Vi<0 —25 mA 
Vi > Vec + 25 mA 


Continous Output Current (for each output) Int. Limited 
Junction and Storage Temperature Range a ae ee ee ee 


THERMAL DATA 


150 
Parameter | value | unit _| 
Thermal Resistance Junction-Case Max. 2 
Thermal Resistance Junction-Ambient Max. 
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PIN DESCRIPTION 


Voc 
Logic supply voltage - nominally 5V 


GROUND 


Device Ground. This ground applies for the logic cir- 
cuits as well as the power output stages. 


RESET 


Asynchronous reset for the output stages, the paral- 
lel latch and the shift register inside the L9822E. This 
pin is active low and it must not be left floating. A po- 
wer on clear function may be implemented connec- 
ting this pin to Vcc with an external resistor and to 
ground with an external capacitor. 


CE 


Chip Enable. Data is transferred from the shift regi- 
sters to the outputs on the rising edge of this signal. 
The falling edge of this signal sets the shift register 
with the output voltage sense bits coming from the 
output stages. The output driver for the SO pin is 
enabled when this pin is low. 


SO 


Serial Output. This pin is the serial output from the 
shift register and it is tri-stated when CE is high. A 
high for a data bit on this pin indicates that the par- 


ticular output is high. A low on this pin for a data bit 
indicates that the output is low. 


Comparing the serial output bits with the previous 
serial input bits the external microcontroller imple- 
ments the diagnostic data supplied by the L9822. 


S| 


Serial Input. This pin is the serial data input. A high 
on this pin will program a particular output to be OFF, 
while a low will turn it ON. 


SCLK 


Serial Clock. This pin clocks the shift register. New 
SO data will appear on every rising edge of this pin 
and new S| data will be latched on every SCLK’s fal- 
ling edge into the shift register. 


OUTPUTS 00-07 


Power output pins. The input and output bits corres- 
ponding to 07 are sent and received first via the SPI 
bus and 00 is the last. The outputs are provided with 
current limiting and voltage sense functions for fault 
indication and protection. The nominal load current 
for these outputs is 500mA, but the current limiting 
is set to a minimum of 1.05A. The outputs also have 
on board clamps set at about 36V for recirculation 
of inductive load current. 


ELECTRICAL CHARACTERISTICS (Vcc = 5V + 5%. T,; = — 40 to 125°C ; unless otherwise speciifed) 


tPHL Turn-on Delay 


See fig. 3 


Fault Reset Delay 
(after CE L to H 
transition) 


| Symbol | Parameter —s|_—S———TestConditions == |_-Min. | Typ. | Max. | Unit 
2 oe ee 
lo = 0.54, When ON 

a aa go ee A a 


Robson On| Resistance Output BOur ON 
lo =0.5A 
lo=0.8A 
lo=1A 
With Fault Reset Disabled 


Out. Self Limiting Output Progr. ON 
Current 
lo = 500mA 10 us 
No Reactive Load 
tp Turn-off Delay lo = 500mMA 
No Reactive Load 
VOREF Fault Refer. Voltage Output Progr. ON iil SE EE 
Fault detected if Vo > Vorer 


Output OFF Voltage Output Pin Floating.cOutput Progr. OFF,| ss | id] to | OV 


P| fe 


{Kj SGS-THOMSON a 
s/f MICROELECTRONICS 


359 


L9822E 


ELECTRICAL CHARACTERISTICS (Continued) 


Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit 


INPUT BUFFER (SI, CE, SCLK and RESET pins) 


Threshold Voltage at Voc = 5V + 10% 
Falling Edge 
SCLK onl 


Threshold Voltage at Vcc = 5V+10% 
Rising Edge 
SCLK onl 
85 


Hysteresis Voltage 
Vec = 5.50V, 0< Vi< Voc - 
Input Capacitance 0<Vi< Vcc = 4 


VH 
Ci 


VsoL 
Vsou 


Isou Output Tristate Leakage | 0 < Vo < Vcc, CE Pin Held High, 
Current Voc = 5.25V 
C Output Capacitance 0<Vo< Vcc 
CE Pin Held High 
Quiescent Supply All Outputs Progr. ON. lo = 0.5A 10 mA 
Current at Vcc Pin per Output Simultaneously 


tead 
tag 
twSCKH 
twSCKL 
tois 


SO 
loc 


io 
tsu 
tH 
tEN 
ty 


trso Rise Time (SO output) Voc = 20 to 70% C. = 200pF 


tiso Fall Time (SO output Voc = 70 to 20% Ci = 200pF 
trsi Rise Time SPI Vec = 20 to 70% CL = 200pF 
Inputs (SCK, SI, CE 

tis! Fall Time SPI Voc = 70 to 20% Ci = 200pF 
Inputs (SCLK, SI, CE) 


Output Data Hold Time 
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FUNCTIONAL DESCRIPTION 


The L9822E DMOS output is a low operating power 
device featu-ring, eight 19. Rpson DMOS drivers 
with transient protection circuits in output stages. 
Each channel is independently controlled by an out- 
put latch and a common RESET line which disables 
all eight outputs. The driver has low saturation and 
short circuit protection and can drive inductive and re- 
sistive loads such as solenoids, lamps and relais. 
Data is transmitted to the device serially using the Se- 
rial Peripheral Interface (SPI) protocol. The circuit re- 
ceives 8 bit serial data by means of the serial input 
(Sl) which is stored in an internal register to control 
the output drivers. The serial output (SO) provides 8 
bit of diagnostic data representing the voltage level 
at the driver output. This allows the microprocessor 
to diagnose the condition of the output drivers. 


The output saturation voltage is monitored by a 
comparator for an out of saturation condition and is 
able to unlatch the particular driver through the fault 
reset line. This circuit is also cascadable with ano- 
ther octal driver in order to jam 8 bit multiple data. 
The device is selected when the chip enable (CE) 
line is low. 


Additionally the (SO) is placed in a tri-state mode 
when the device is deselected. The negative edge 
of the (CE) transfers the voltage level of the drivers 
to the shift register and the positive edge of the (CE) 
latches the new data from the shift register to the dri- 
vers. When CE is Low, data bit contained into the 
shift register is transferred to SO output at every 
SCLK positive transition while data bit present at SI 
input is latched into the shift register on every SCLK 
negative transition. 


Internal Blocks Description 


The internal architecture of the device is based on 
the three internal major blocks : the octal shift regi- 
ster for talking to the SPI bus, the octal latch for hol- 
ding control bits written into the device and the octal 
load driver array. 


Shift Register 


The shift register has both serial and parallel! inputs 
and serial and parallel outputs. The serial input ac- 
cepts data from the SPI bus and the serial output si- 
multaneously sends data into the SPI bus. The 
parallel outputs are latched into the parallel latch in- 
side the L9822E at the end of a data transfer. The 
parallel inputs jam diagnostic data into the shift re- 
gister at the beginning of a data transfer cycle. 


Parallel Latch 


The parallel latch holds the input data from the shift 
register. This data then actuates the output stages. 


L9822E 


Individual registers in the latch may be cleared by 
fault conditions in order to protect the overloaded 
output stages. The entire latch may also be cleared 
by the RESET signal. 


Output Stages 


The output stages provide an active low drive signal 
suitable for 0.75A continuous loads. Each output 
has a current limit circuit which limits the maximum 
output current to at least 1.05A to allow for high in- 
rush currents. Additionally, the outputs have internal 
zeners set to 36 volts to clamp inductive transients 
at turn-off. Each output also has a voltage compa- 
rator observing the output node. If the voltage exce- 
eds 1.8V on an ON output pin, a fault condition is 
assumed and the latch driving this particular stage 
is reset, turning the output OFF to protect it. The ti- 
ming of this action is described below. These com- 
parators also provide diagnostic feedback data to 
the shift register. Additionally, the comparators con- 
tain an internal pulldown current which will cause the 
cell to indicate a low output voltage if the output is 
programmed OFF and the output pin is open circui- 
ted. 


TIMING DATA TRANSFER 


Figure #2 shows the overall timing diagram from a 
byte transfer to and from the L9822E using the SPI 
bus. 


CE High to Low Transition 


The action begins when the Chip Enable (CE) pin is 
pulled low. The tri-state Serial Output (SO) pin driver 
will be enabled entire time that CE is low. At the fal- 
ling edge of the CE pin, the diagnostic data from the 
voltage comparators in the output stages will be lat- 
ched into the shift register. If a particular output is 
high, a logic one will be jammed into that bit in the 
shift register. If the output is low, a logic zero will be 
loaded there. The most significant bit (07) should be 
presented at the Serial Input (S!) pin. A zero at this 
pin will program an output ON, while a one will pro- 
gram the output OFF. 


SCLK Transitions 


The Serial Clock (SCLK) pin should then be pulled 
high. At this point the diagnostic bit from the most si- 
gnificant output (07) will appear at the SO pin. A high 
here indicates that the 07 pin is higher than 1.8V. 
The SCLK pin should then be toggled low then high. 
New SO data will appear following every rising edge 
of SCLK and new SI data will be latched into the 
L9822E shift register on the falling edges. An unli- 
mited amount of data may be shifted through the de- 
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vice shift register (into the SI pin and out the SO pin), 
allowing the other SPI devices to be cascaded in a 
daisy chain with the L9822E. 


CE Low to High Transition 


Once the last data bit has been shifted into the 
L9822E, the CE pin should be pulled high. 


At the rising edge of CE the shift register data is lat- 
ched into the parallel latch and the output stages will 
be actuated by the new data. An internal 160us de- 
lay timer will also be started at this rising edge (see 
tup). During the 160us period, the outputs will be 
protected only by the analog current limiting circuits 
since the resetting of the parallel latches by faults 
conditions will be inhibited during this period. This al- 
lows the part to overcome any high inrush currents 
that may flow immediately after turn on. Once the 
delay period has elapsed, the output voltages are 
sensed by the comparators and any output with vol- 
tages higher than 1.8V are latched OFF. It should be 
noted that the SCLK pin should be low at both tran- 
sitions of the CE pin to avoid any false clocking of 


Figure 1 : Byte Timing with Asynchronous Reset. 


the shift register. The SCLK input is gated by the CE 
pin, so that the SCLK pin is ignored whenever the 
CE pin is high. 


FAULT CONDITIONS CHECK 


Checking for fault conditions may be done in the fol- 
lowing way. Clock in a new control byte. Wait 160 
microseconds or so to allow the outputs to settle. 
Clock in the same control byte and observe the diag- 
nostic data that comes out of the device. The diag- 
nostic bits should be identical to the bits that were 
first clocked in. Any differences would point to a fault 
on that output. If the output was programmed ON by 
clocking in a zero, and a one came back as the dia- 
gnostic bit for that output, the output pin was still high 
and a short circuit or overload condition exists. Ifthe 
output was programmed OFF by clocking in a one, 
and a zero came back as the diagnostic bit for that 
output, nothing had pulled the output pin high and it 
must be floating, so an open circuit condition exists 
for that output. 


RESET | | 
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Figure 2 : Timing Diagram. 


I/FOP —_(TWSCKH 
y—-\ 


TPHL | FAULT- INDUCED 
TPLH TURN/OFF 


TUD 


N88L9822-18A 


Figure 3 : Typical Application Circuit. 
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MONOLITHIC LAMP DIMMER 


HIGH EFFICIENCY DUE TO PWM CONTROL 

AND POWER DMOS DRIVER MULTIPOWER BCD TECHNOLOGY 

LOAD CONNECTED TO GROUND 

CURRENT LIMITATION 

OVER AND UNDERVOLTAGE PROTECTION 

ON CHIP THERMAL PROTECTION 

LIMITED AND PROGRAMMABLE OUTPUT 

VOLTAGE SLEW RATE 

OPEN GROUND PROTECTION 

VERY LOW STANDBY POWER CONSUMP- 

TION Heptawatt 

a LOAD DUMP PROTECTION ORDERING NUMBER: L9830 

s MINIMIZED ELECTROMAGNETIC _ INTER- 
FERENCE DESCRIPTION 

» WIDE CHOICE IN PWM FREQUENCY The L9830 high side driver is a monolithic inte- 

RANGE grated circuit realized with Multipower BCD mixed 


=« LOAD POWER LIMITATION technology to drive resistive loads in PWM mode 
with one side connected to ground. 


BLOCK DIAGRAM 


Us 
O 


OVER & 
PROGRAMMING UNDERVOLTAGE 
PROTECTION 
J | . 
Q) 


LOAD POWER <i 5 
LIMITATION eee cae 
-. ies > DNOS 
o— 7] 


PUM 
COMPARATOR 


THERMAL 
| BOOTSTRAP |—O 
PROTECTION 
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COMPARATOR 


TRIANGLE WAFE OPEN GND IBKHZ CHARGE 
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PIN CONNECTION (Top view) 


A 
TAB CONNECTED TO PIN 4 GND M91IL9E3E-B5 


PIN FUNCTION 


DESCRIPTION 
Common suppy connection also Drain of the power DMOS. 


2 BS A capacitor connected between this pin and the Source of the power DMOS pin Out 
gives the possibility to bootstrap the gate driving voltage of the power DMOS. 
3 OSC A capacitance CT connected between GND and this terminal determines the PWM 
switching frequency. 
Sih. 
a a 


Common ground connection. 

A resistor connected between this pin and GND provide the possibility to programming 
the output voltage slew rate, the PWM oscillator frequency and the short current value. 
Analog input for controlling the PWM ratio, related to Vs. 


Source connection of the internal power DMOS. 


ABSOLUTE MAXIMUM RATINGS 


| Symbol | Parameter unit _| 
| Vs |SupplyVoltage 
| Vos__[DrainSourcevoltage 
| Vw [inputVolage Vp to Vg r0.3v | | 
| ton | 


Operating Junction Temperature Range 


THERMAL DATA 


| Symbol | escription =| | nit _| 
Thermal Resistance Junction-case Max 2 °C/W 
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ELECTRICAL CHARACTERISTICS (6V < Vs < 16V; -40°C < Tamb $ 85°C, unless otherwise specified) 
Operating Quiescent Current 
Vs aart 2.4 6 mA 
B 8.5 18 mA 
las Standby Current Vin =0 200 WA 
T, < 100°C 
Input Standby Hysteresis p00 | 190 | 50 | mv 
Input High Threshold fvictonect Vee Vin og9svs|  —s |vsoav] 
VSL Low Supply Voltage Disable 5 Sys) V 
High Threshold 
VSthys Low Supply Voltage Disable -300 -100 -50 mV 
Hysteresis 
VSH High Supply Voltage Disable 16 17.8 20 V 
High Threshold 
VSuhys High Supply Voltage Disable -350 -190 -50 mV 
Hysteresis 
5 52 55 V 
icte Load Dump Clamping Current | VS = 60V 
Tst Thermal Shutdown Temperature 
Kt, Internal PWM Frequency fo = Ktyct 1000 | 2000 | 3000 | Hanf 
Constant (without RP 
Kte External PWM Frequency yell 0.220 | 0.250 | 0.350 
Constant : TRp 
30KQ < Rp < 500K 
lose External Programmable Short Vs = 12V, Rp = 125KQ 10 A 
Current Limit 
(30KQ < Re <500KQ) (3) 
Ros Static Drain Source on Vs 29V,lo=1A 190 380 mQ 
Resistance 


| Symbol | Parameter Test Condition | Min. | Typ. | Max. | Unit_| 
lgo= 11.8 —=—— + 0.67mA 
VINSB Input Standby High Threshold 0.1 0.15 0.2 
Vin/Vs 
Input Current -0.3 < Vin < Vs+0.3V 
VS-et Load Power Limitation Start Vin 2 VinH, fon - ton = 0.96 
Supply Voltage 
VS-Lb Load Dump Supply Voltage lg = 50mA 4 
Threshold 
Tsthys Thermal Shutdown Temperature -50 -40 -30 °C 
Hysteresis 
Internal Short Current Limitation | Vs = 12V fer ee | 
without Rp) (4 
S: Internal Fixed Output Voltage Vs = 12V;5Q< Ris 72 


Slew Rate (without Rp) (1) Tamb < 25°C 250 V/ms 
Se External Programmable Output Vs = 12V, Rp = 125KQ 50 120 200 V/ms 

Voltage Slew Rate R_ = 6Q 

(830KQ < Re < 500KQ) (2) Tamb < 25°C | 50 | 120 | 


Notes: (3) losp = (VS - 06V) eee 
Pp 


ty Sra VS aie 7 6 Ve 
ms 


(4) los = (VS - 0.6V) 0514 + 
OS. See Oe ar 40° 
* Re Re + 032Q ~ msA If Re ts not present in application an internal equivalent resistor can 


be inserted in the calculation with a typical value of Re = 125KQ 


3/6 
f SGS-THOMSON __—s_ tt CSCSCS<;(_ CR LU 
J4 WMCROELECTRONICS ae 


L9830 


FUNCTIONAL DESCRIPTION 


To control the power of the load with a 
POWERMOS transistor in the switched mode, its 
gate must be driven with a PWM signal. The am- 
plitude of the gate driving pulse must guarantee 
that the Power DMOS transistor will be com- 
pletely saturated during the ON phase. To gener- 
ate the necessary gate driving voltage a charge 
pump circuit is required. With this circuit a gate 
voltage of 2 - (Vs — 1.5V) < VS + 16V typically will 
be obtained. 


The slope of the leading and trailing edge of the 
gate driving pulse is defined with an internal ca- 
pacitor. The important criteria for the dimension- 
ing of the output voltage slope are the electro- 
magnetic radiation and the power dissipation of 
the Power DMOS. The typical value of the output 
pulse slope is in the range of 120V/ms to fullfill 
automotive radiation requirements. 


The output pulse slope is directly related to the 
value of the supply voltage VS and in a wide 
range programmable through the programming 
resistance Rp. 


6 
dload _ RL VS — 065V 10 V 
= As Ri+0320 |’ Ams 


The value of the gate voltage slope due to the 


POWERMOS parasitic capacitors must be in a re- 
lation to the charge pump performance. For fast 
gate voltage variation the bootstrap option can be 
used. The bootstrap capacitance should have a 


Figure 1: Transfer Characteristc 


PUM RATIO 


relation greater than 50 to the DMOS parasitic ca- 
pacitors and should be in the range of 


Cres > 100nF 


The switching frequency “fo” is defined with a 
triangle oscillator and it’s programmed with the 
capacitor Cr, or Crt and Rp if a greater precision 
is required. 


fo = Kt/Cr (without Rp) 


1 , 
4G;Rp (with Rp) 

The modulation factor of the PWM driving signal 
of the external Power DMOS transistor is defined 
with the voltage level at the analog input. Fig. 1 
shows the typical transfer curve giving the PWM 
factor as a function of the input/supply voltage 
ratio. 


For higher supply voltage values, the power limi- 
tation circuitry will linearly reduce the PWM ratio 
to achive a constant load power to extend the 
lamps life time. 


The input voltage is referred to the supply volt- 
age. The regulation of the PWM factor can be 
realized with a potentiometer connected to the 
supply voltage and the analog input, see the typi- 
cal application circuit diagram. 


The maximum load current in the short circuit con- 
dition is limited internally with a sense DMOS cell. 


The value of the short current is a multiple of the 
programming current flowing through Rp or the in- 


fo 


VIN/US 
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ternal fixed resistance. Threfore this short current 
value is supply voltage dependent to achieve in 
any condition the lamp required warm up current 
which will be normally two or three times higher. 
lose R 64260 

If the short current condition is detected the gate 
will be driven with a DC voltage which value is 
regulated to maintain the specified current. With 
this function the switch ON phase for each load 
will be speeded up. 


The Circuit features also a protection which allows 
to withstand high overvoltage for a limited time 
(load dump in automotive application). Above the 
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POWERMOS transistor is switched OFF and the 
gate is held at the GND potential. When the Veat 
rises above the internal supply clamp voltage 
VS_p the clamping diode becomes active with a 
serial resistance of Rip and the gate voltage is 
floating with the GND potential. At this time the 
current flowing through the load is not limited. In 
this condition the load voltage can be calculated 
to 


VL = VS = VSLp - VSes Vas << VSLb 
This device is protected against temperature de- 
struction through an internal power dissipation 


protection. The total power dissipation of the de- 
vice can be calculated with: 


VSH threshold the gate driving of the 
for VSL < VS < VS-pPL: 
Rps fo Ros Ros 2VS 
Ptot = VS?-| ——2— + 2.-(1-=—*_-) -(1- eae 
= (Rps+Ri)* 8 ( Rps + Rt yo Ros +Re es Ros + Re ) 
and for VS-pL $ VS < VSu: ; 3 
Ros VS* fo Ron 
Pro = Via Ht uf TS 
tot SLPL* TRD54 AL) Ss Rey Be ) 


Figure 2: Total Power Dissipation Characteristic 
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Figure 3: Application Circuit Diagram for Dashboard Dimming 


QUER & 
PROGRAMMING UNDERVDLTAGE 
PROTECTION 


LOAD POWER 
LIMITATION 


PUM 
COMPARATOR 


a, 


STANDBY 
COMPARATOR 


TRIANGLE WAFE OPEN GND SBKHz 
OSCILLATOR PROTECTION OSCILLATOR 


Cf 
26nF “]_ 
VS < VSLb N91L 9838-83 


Note: All node voltage are referred to ground pin GND. The currents flowing in the arrow direction are assumed positive. 


OVER & 
UNDERVOLTAGE 
PROTECTION 


PROTECTION 
STANDBY 
COMPARATOR 


TRIANGLE WAFE OPEN GND IBKHZ CHARGE 
OSCILLATOR PROTECTION OSCILLATOR PUMP 


MGLILIBIE-B4 


Note: All node voltage are referred to ground pin GND. The currents flowing in the arrow direction are assumed positive. 
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OCTAL PARALLEL LOW SIDE DRIVER 


ADVANCE DATA 


MULTIPOWER BCD TECHNOLOGY 


» OPERATING DC SUPPLY VOLTAGE RANGE 
BV TO 25V 

» SUPPLY OVERVOLTAGE PULSE UP TO 40V 

« VERY LOW STANDBY QUIESCENT CUR- 
RENT 100pA 

» EIGHT BIT PARALLEL STRUCTURE WITH ME- 
MORY FEATURE 

» BIDIRECTIONAL INPUTS-OUTPUTS 

a tC COMPATIBLE INPUT LEVELS WITH THRE- 
SHOLD HYSTERESIS 

» INTERNAL 4.5V REFERENCE DEFINING THE 
OUTPUT HIGH LEVELS 

s EIGHT HIGH CURRENT OUTPUTS FOR DC 
CURRENTS UP TO 350mA WITH ON RESI- 
STANCE LESS THAN 39 (typ. 1,59) 

« OUTPUT SHORT CIRCUIT PROTECTION 
WITH TIME DELAY CHARACTERISTICS FOR 
DRIVING LAMPS 

a THERMAL OVERLOAD PROTECTION 


BLOCK DIAGRAM 


DIP-20 Plastic SO-20L 


ORDERING NUMBERS :L9842N (DIP-20) 
L9842ND (SO-20L) 


DESCRIPTION 


The L9842 is an octal parallel input power interface 
circuit in the Multipower BCD technology with bidi- 
rectional inputs and outputs and the output status 
monitoring. 


I gut : 
DRIVER 


M8ELI98G42-G1C 


October 1992 


1/8 
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L9842 


PIN CONNECTION (top view) 


1 
2 
3 
4 
rs) 
6 
7 
8 


= lO 
av) 


N8EL39B42-86 


ABSOLUTE MAXIMUM RATINGS 


Toni 
[Weer | Outputvotage SSCS apo VS 
“0807 


Power Dissipation (Tamb = 80°C) DIP-20 875 mW 
SO-20 420 mW 


(*) Schaffner pulses type 1 and 2 
(**) For Vs < 6 7V the device can be supplied through the intemal ESD diodes from inputs to Vs 


THERMAL DATA 


Rth j-amb | Thermal Resistance Junction-ambient Max. 80°C/W 165°C/W 
Maximum Junction Temperature 150°C/W 150°C/W 
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ELECTRICAL CHARACTERISTICS (5V < Vs < 25V (40V @t < 400ms), — 40°C < T, < 125°C unless other- 


wise specified) 


VbINL Input Voltage LOW 
VbINH Input Voltage HIGH 


Rout Output Resistance 
Rourt-characteristic 
See fig. 2 
Output Short Current 
loutsc-characteristic 
See fig. 3 
Output Voltage 


Output Capacitance 


Quiescent Current 


STANDBY MODE 


READ MODE 


[Symeat [—raemser [Tet Gonaions in [yp [i [ont 


VpouTL Output Voltage LOW 
VpoutH | Output Voltage HIGH 
Input Current 


a nea ea 
a 
[View | TeansterVotage HIGH | ——~S~=~<“~*~“~*S*idC dS 
“tevin | Enable, Transfer input arent [O<Vew<eVt | tk 
a 
[Vin | Transtor Threshotd Hysteresis [| ——~SOSCS~S~s Pm 


VIRL Transfer Voltage LOW 


Enable Threshold Hysteresis 


LloutTt Output Leakage Current per 
Channel 


TRANSFER-, HOLD MODE 


as 
Iscop Additional Short Circuit 
qari Current Per Channel 
| Vom | Output Monitor Threshold Monitor Threshold 


Tscu (2 Duration of High Short Current | lout = — 1.25 3.75 
Limiting 

Tset (2 Duration of Low Short Current lout = Iscr 
Limiting 


Ve=L, Vrr=Ll 
(input-mode) *) 

Ve=L, Vrr=H 
(output-mode) ") 
Ve=L, VrrR=H 
(output-mode) *) 


Ve=Ll, Vrr=L — 10 10 uA 
a y 


ae a ee 


Out =L 

0 < lout < 350mA 

Vs = 8V ; : Q2 
Vs = 6.5V Q 
Vs = 5.0V KQ 
8V < Vs = Vout < 25V 

TscH = 1.25ms 

Tsc_ = 20ms 

Out = 

lout = 0.35A (DC) 

lout = 1A (pulsed) 


A 
A 
; V 
‘ V 
Out = H, — 40 < T, < 85°C 100 nA 
Vout = 16V 
Out = H, 
Vout = 5V 60 90 120 pF 
Vout = 15V 30 60 90 pF 
LA 
i" 


5V < Vs < 16V; IDout = 0 
-40<T,< 85°C 
Ve =H, Vrr=H 
ViR=L 
Ve=L, VtR=H 


Vs = 25V mA 
Vs = 40V @t < 400ms ie mA 
Ven =L, Voin = 

lo +500 


ee =L, lout = " 
ra as 


Note : 1. Vp are bidirectional data inputs or outputs depending on the Ve, Vrr status. 
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ELECTRICAL CHARACTERISTICS (continued) 


: ime (7) 
(3) - ime (7) 
ime (8) 


Except STANDBY MODE 
Pe [Fiertine@ or Pe 


Notes : 2. Ifthe output current exceeds the high short current threshold Iscx an internal timer ts started. If after the time period of Tscu + Tscx the 
current limiting is still active the overload condition is recognized and this output is switched off (in any case). To restart the output the 
transfer mode (TM) has to be chosen and the corresponding !nput voltage Von must become HIGH to reset the internal overload latch 

3. Because the output capacitance is the drain-source capacitance of the power switch the risetime of the outputs depends of the used 
supply voltage Vs, the load resistor Ri and the output capacitance Cour and can be calculated with the following equation : 
Tg =T In 10 (reaching 90% of Vs) t = Ri x Cour X K (4) K= 1.5 
This additional delay time Tg must be added to torr. 
4. Because the drain source capacitance of the output transistor is voltage dependent, it is necessary to multiply Cour (specified at the 
maximum Vout) with a correction factor K to obtain the average output capacitance Court. 

. Delay time between all modes except STANDBY MODE. 

. Delay tme between STANDBY MODE and any other mode and vice versa. 

. Data delay ttme when TRANSFER MODE is chosen. 

. Explanation see page 6 


ON On 


MODE CHANGE DIAGRAM a Critical mode variations occur when both mode 
inputs change their state simultaneously. This is 
represented by the diagonal arrows in the mode 
change diagram. 


Oo RM —a)— HM —(0)— RM 

Oo ™ —(H)— Sn —e)— ™ 

s Toavoidthata filter is implemented in the TM sig- 
nal path. A suitable filter time ts is chosen to be 
well beyond the mode comparator delays. 


_————;—-- P93] 
a, Se PEE 


RM 
N92L9G42-O9 


™™ 
RM or TN RM or HN 
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» As aconsequence of the filter function the follow- ws Therefore the change from TM to any other mode 
ing features are given respectively has to be con- causes an additional delay t; that is the internal 
sidered (refer to timing above): filter time. 

» For a delay between RM and HM up to tg < tmin « Theparasitic SM time is too short to influence the 
the parasitic TM will be supressed. outputs and is hence negligible. 


= To obtain the transfer function surely both mode 
inputs be “Low” for at least ttm ttmax. 


TRUTH TABLE FOR THE CONTROL INPUTS 


i 
er : 


L TRANSFER MODE (input data transferred to output) 
HOLD MODE (output corresponds to the data latch) 
STANDBY MODE (all outputs open) 


toon ©porr 


t 
M68L9842-858 


Figure 2 : Maximum Rout - Characteristics. Figure 3 : Typical Short Current 
Characteristics. 


- Example of a limited 


ON-current of a typical lamp 
Maximum limit 


I Lamp ON-current for t —*+>2 
over temperature LON p 


Typical curve 
at 25°C 


25 Us(U) 
N88L 9842-838 


42.5 tlms) 


NGELIEA2-G4 
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Figure 4 : Test Circuit. 
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FUNCTIONAL DESCRIPTIONS 


This device was developed specially for automotive 
applications to drive different loads like relais, 
lamps, data buses or actuators with very low current 
consumption. 


The L9842 contains eight identical channels each 
with a separate DATA input/output and the power 
output. In each channel the memory function, the 
output short circuit function and the diagnostic func- 
tion is realized. 


The common part determines the function modes 
through ENABLE and TRANSFER inputs whereas 
the reference part biases all current sources and 
generates the threshold voltages and the stabilized 
supply voltage for the whole CMOS-logic. 


A special thermal protection, ESD-protected in- 
puts/DATA pins and a particular output short circuit 
characteristic prevent a damage or the destruction 
of the device. 


Referring to the block diagram it can be seen that 
each channel works independent and contains all 
necessary functions described in the following 
points. 
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OUTPUT BLOCK 


F DATA W 
OUTPUT. 


The DATA pins are used bidirectionally. The main 
path is the non inverting transfer of a digital signal 
from the DATA pin to the power output (TRANSFER 
MODE). The data pass the input latch that works 
also as amemory inthe HOLD MODE. They remain 
stored until the TRANSFER MODE is selected to 
write in new data. 


This means that in all other modes the memory con- 
tent will not be changed except the output short cir- 
cuit protection was active more than the check time 
of 42.5ms. In this case in all modes the storage flip- 
flop will be set to hold the output for protection into 
the Off-state. By activating the READ MODE in this 
position it is possible to detect short-circuit load. 


To switch on the output again, the external contro! 
processor has to select the TRANSFER MODE and 
to change the input signal at the corresponding data 
terminal to HIGH to set the storage flip-flop and then 
to write in LOW. An additional reading of this chan- 
nel output (selecting the READ MODE after the 
mentioned check time) shows whether the short-cir- 
cuit is still present. 
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TRANSFER FROM POWER OUTPUT TO DATA 
OUTPUT. 


The opposite signal path (READING MODE) from 
the output to the DATA terminals is used for the di- 
agnostic function to monitor the output status. Out- 
put voltages greater than 3.5V lead to “HIGH” state 
at the DATA terminals. The HIGH level is typical 
4.5V and internally stabilized. For “LOW” level the 
saturation voltage of N-Channel MOS transistor is 
relevant. 


SHORT-CIRCUIT PROTECTION. 


For the use of lamps a particular short-current char- 
acteristic is implemented and it is drawn in fig. 3. Be- 
cause of the low resistance of lamps during the 
ON-phase the current limit is for typical 2.5ms about 
the double as for the second current limiting phase. 
Detecting a short circuit condition means that the 
channel output remains low in any condition for the 
check time TcH = TTscH + Tsci independent of the 
status of the inputs. 


These time periods are generated from two frequen- 
cies 400Hz/6.4kHz coming from the common oscil- 
lator part. If the current limiting is active after the 
check period an overload is recognized and the re- 
garding channel is switched off and the DATA flip- 
flop is also reset as explained earlier. 


In order to save supply current a special short-circuit 
protection is used that needs no quiescent current 
during the ON-state as long as no overload is pres- 
ent at the output. Because of this special circuit con- 
figuration the output current must exceed a given 
threshold to activate the current regulation loop. 


This current threshold ITH is determined by the ON- 
resistance Rpson of the output DMOS and the mini- 
mum operating supply voltage Vsmin of the limiting 
circuit and can be easily calculated in the following 
way : 

ItH = Vsmin/Roson = 4V/1.5Q = 2.7A (typical value 
at T; = 25°C) 

When the output is shorted for instance to Vs a maxi- 
mum peak current will occur for a short duration up 
to the limiting circuit is switched on and the settling 
time is over. Under worst case conditions (T,; = — 
40°C), Vs = 16V, where Roson is lowest) the peak 
current can reach 7A with a duration of ips at Vout 
= 15V and 4A with a duration of 20us at Vout = 5V. 


COMMON PARTS 
MODE CONTROL. 


By the “TRANSFER?” and “ENABLE” input, working 
modes can be selected as shown in the truthtable 
in the upper part of fig. 1. The control signals coming 
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from both input comparators which determine the 
logic threshold and hysteresis drive the mode logic 
that distributes the right data to all output blocks. 


TRANSFER, HOLD and READ MODE are ex- 
plained before. The remaining STANDBY MODE 
switches the clock oscillator and all outputs off and 
reduce the quiescent current below 100UA. This 
means that only the both mode comparators and the 
bandgap regulator are active. The input data stored 
before will be not changed. 


OSCILLATOR PART. 


The clock oscillator contains an on-chip capacitor 
and requires therefore no external components. The 
oscillation frequency is approximately in the range 
of 50kHz. This oscillator signal is devided by a 7 bit- 
counter which creates the two frequencies for the 
timing of all short current control circuits in each out- 
put block. 


VOLTAGE REFERENCE. 


The main reference cell is a bandgap controlled very 
low drop voltage regulator. All threshold voltages for 
the input comparators, the diagnostic comparators 
and the thermal overload comparators as well as the 
reference voltage for the CMOS supply buffers are 
derived from one resistor devider. 


Because of the low current capability of the regulator 
two buffers are used to supply the CMOS logic for 
every four channels. These voltage followers work 
like a current multiplier at a very low quiescent cur- 
rent. A clamping circuit prevents that the CMOS 
breakdown voltage will be reached. 


CURRENT REFERENCE + POWER-ON RESET. 
The two temperature compensated current lines are 
generated directly from the bandgap voltage and 
are switched off by the mode logic to save supply 
current. A third unswitched current line biases the 
input comparators and CMOS buffers. 


During supply voltage rise, power-on reset circuit 
provides a defined status of all latches in the CMOS 
logic. From a supply voltage of about 4V on it en- 
ables the whole logic and the device can work. 
Below 4V all latches are set to hold the outputs into 
the OFF state. 


PROTECTION CIRCUITS 
ESD-—PROTECTION. 


Both input comparators (ENABLE, TRANSFER) are 
ESD protected and include zener diodes that clamp 
the gates of the internal MOSFETs to minimal 15V. 
Second diodes clamp these inputs to Vs if the sup- 
ply voltage is lower than 0.6V below the zener volt- 
age. 
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The eight “DATA” terminals has the same ESD pro- 
tection structure as the comparator inputs. 


SHORT CURRENT LIMITING. 


The detailed function explanation is given in a for- 
mer section where the output block is described. 
Generally it can be supplementary said that this kind 
of protection determines the limits within the safe 
operating area of the used DMOS structure. 


The big chip area and the heat capacity of silicon 
allow for short durations peak currents up to five 
times the maximum DC current that occur under cer- 
tain conditions as expounded above. 


THERMAL SHUTDOWN. 


Because of the symmetry and the big size of chip 
two thermal overload protection circuits were placed 
on each side of the chip where the output structures 
are concentrated to ensure minimum thermal gra- 
dients to the thermal sensors. 


Figure 5: Application Diagram 


At a chip temperature of about 160°C the device is 
switched OFF. This state is similar to the STANDBY 
MODE. After the temperature remains under ap- 
proximately 135°C the element is switched ON. 
Thermal shut-down does not influence any logic be- 
cause it switches only the gates of all output DMOS- 
transistors directly to ground. 


APPLICATION HINTS 


— Precausions by external components must be 
provided to avoid damage of the device (it's in 
any case not allowed to exceed the maximum 
ratings given on page 2). 


— For open load detection it is recommended to 
use external components to fix the desired 
status (depending on the temperature the in- 
ternal open load status can vary from “H” to 
“L” caused by leakage currents) 


ie 

aly ™ | THERM, VOLTAGE 
iL PROTECT. REFERENCE 
Tote ™ 
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MOTOR BRIDGE FOR HEADLIGHT ADJUSTMENT 


PRODUCT PREVIEW 


FULL BRIDGE OUTPUT CONFIGURATION 
WITH LOW SATURATION VOLTAGE, LESS 
THAN 3.6V AT OUTPUT CURRENT 1A. 

a OPERATING SUPPLY VOLTAGE RANGE 7V 
TO 18V, SUPPLY OVERVOLTAGE UP TO 
5OV. 

» HIGH POSITIONING PRECISION AND HIGH 
NOISE IMMUNITY DUE TO TRANSFER 
CHARACTERISTIC WITH DIFFERENT POSI- 
TIONING AND NOISE IMMUNITY RANGES. Minidip Powerdip (12+2+2) SO20L(124+4+4) 

a FAST STOP THROUGH SHORT-CIRCUITING . 

THE MOTOR. ORDERING NUMBER: L9907 

=» MOTOR STOP STATUS IN CASE OF OPEN 
INPUT CONDITION. 

me SUPPLY OVERVOLTAGE PROTECTION 
FUNCTION FOR Vs MORE THAN 18V, UP 
TO 50V. DESCRIPTION 

a INPUT PROTECTION AGAINST  TRAN- The L9907 is a monolithic integrated power com- 

SIENTS ON THE BATTERY LINE AND THE parator with full bridge output configuration, in- 


THE REVERSE BATTERY CONDITION. tended for driving DC motors in positioning sys- 
» OUTPUT SHORT CIRCUIT PROTECTION tems, optimized for headlight adjustment 
DUE TO OUTPUT CURRENT LIMITING application and respecting the automotive elec- 


a THERMAL OVERLOAD PROTECTION tronics enviromental conditions. 


BLOCK DIAGRAM 


P | DREFERENCE i PROTECTION 
FUNCTIONS 


N92L9967-B1A 


November 1992 1/5 


This is advanced information on a new product now in development or undergoing evaluation Details are subject to change without notice g 


L9907 


PIN CONNECTIONS 


POWERDIP (12+2+2) SO20L (12+4+4) 


MINIDIP 


N92L9987-GE 


Woon aagt WN PF 


res 
® 


N392LI9B7-8SA 
N92L 9987-67 


ABSOLUTE MAXIMUM RATINGS 


Parameter 


Supply Voltage Pulse (T < 400ms 


DC Output Current 
Output Current Pulsed (100ms 


DC Input Current 
Input Current Pulse (2ms) 


THERMAL DATA 


Rth j-amb Thermal resistance Junction-ambient 1) 
Rth j-pins Thermal Resistance junction-pins 


Thermal Shutdown Junction Temperature 


1) with 6cm? on board heat sink area. 


2/5 
f SGS-THOMSON 
7 mcRoELecTROMICS 


380 


L9907 


ELECTRICAL CHARACTERISTICS (7V < Vs < 18V, unless otherwise specified.) 


| Parameter | Test Condition | _ Min. | Typ. | Max. | Unit _| 


Set Current lo = 0, (Output Open) 
Vain < 20mV (stop) 
Vain < 200mvV (L or R) 


Vap- Differential Input Voltage 0.5<Vi< Vs-1.5V 
Positioning Thresholds (2) Rppr = oo 
: Rer = 0 
Rpr = © 
Rer = 0 
0.5<VIl<Vs-1.5V 
Rpr = 
Rer = 0 
Rpr = 
Rper =0 


Input Bias Current 0.5<Vi<Vs-1.5V 
Vain = 0 
Vain = + 200MV 
Differental Input Resistance 0.5< Vi < Vs -1.5V 16 25 40 kQ 
Vain = + 200mV 
Vosi Output Saturation Voltage/ lo=1A 1) 1.5 (3) ] 
Sink Stage lo = 0.4A 0.8 1.1 
Voso Output Saturation Voltage/ lO=1A 2.1 
Source Stage lo =0.4A 1 a 


(2) With programming resistor Rer between the PR pin and GND the thresholds can be adjusted from the nominal value (Rpr =o, pin PR open) 
up to two times the nominal value (Rer = 0, pin PR shorted to GND). 


Differential Input Voltage 
Noise Immunity Thresholds 


The formula defining Vap., Vap. typical value as a function of Rer is: —Vap- (Rer) = Vaps (Rer) = 7OMV —__9.5K2_ 


(3) The maximum value of the sum of the saturation voltages Vos: (0.7A) + Voso (0.7A) < 2.5V is the design target. 


Figure 1: L9907 Differential Input to Output Transfer Charateristic. 


UM=VYOUT+ - VOUT- 
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FUNCTIONAL DESCRIPTION in the headlight adjustment system. The basical 


: : ; function of the device is shown in the input-output 
push-pull outputs, intended for driving a DC motor 


3/5 
IT SGS-THOMSON 
IF MICROELECTRONICS Ans 


L9907 


For differential input voltage VdIN lower than Vdn- 
the output voltage is negative (corresponds to 
motor direction right), for increasing input voltage, 
this status changes to the zero output voltage 
(motor is actively braked), when the differential 
input voltage reaches the positioning threshold 
Vdp-. The output status remains in this condition 
as long as the differential input voltage remains 
between the noise immunity range thresholds, 
Vdn- and Vdn+. If the input voltage increases 
above the similar behaviour is obtained for de- 
creasing the input voltage and crossing the Vap+ 
and Van- thresholds. The possible output status 
transitions are marked with the arrows showing 
the corresponding direction of the output status 
variation. 


The above described behaviour assures the posi- 
tioning precision Vdp, corresponding to the Vdp- 
and Vdp+ thresholds and the noise immunity in 
the adjusted condition Vdn corresponding to the 
noise amplitude of Vdn - Vdp imposed on the 
input control or input feedback signal. Due to this 
feature the motor starts to move to a new position 
according to a new value of the input control sig- 
nal first when the difference of the input control 
signal to the input feedback signal becomes 
higher than max + (Vdn+ — Vap-) and min + (Vdn+ — 
Vdp+). These values are considered as limits of 
the noise immunity range. 


The stop position of the motor corresponds on the 
input control to input feedback signal difference 
and can be within the range Vdp- to Vdp+. This 
ramnge is considered as positioning precision 
range. 


Both the above described positioning and noise 
immunity ranges are defined refering to IN+, IN- 
pins and can be affected with the voltage drop 
over the input signals source resistance Rin+, Rin- 
due to the input bias currents Ins, IN-. 


The above mentioned resistors Rin., Rin- shown 
the application circuit diagram, Fig. 2 or the equi- 
valent input source resistance in the application 
circuit diagram Fig. 3 are necessary for the input 
current limitation during the transients on the Veat 
line. The input source resistors must be dimen- 
sioned so that in case of a line transients the 
input current in the input pin, clamped with the in- 
ternal input protection diodes do not increase 
over the specified absolute maximum value. 


The differential inputs feature an internal input re- 
sistor Rain. This resistor assures that in the case 
of input control or input feedback wire interruption 
the input differential voltage will be within the Vap- 
to Vdp+ range and the motor position remains 
frozen. 


The circuit features an overvoltage disable func- 
tion referred to the supply voltage Vs. This func- 
tion assures disabling the output for Vs higher 
than 18V, both outputs are forced to tristate in this 
condition. 


4/5 


The thermal overload function disables the output 
tristate when the junction temperature increases 
above the thermal shutdown threshold tempera- 
ture of min. 150°C. For the start of a heavy 
loaded motor, if the motor current reaches the 
max. value it is necessary to respect the dynami- 
cal thermal resistance junction to ambient. The in- 
ternal output current limitation threshold is rated 
to be higher than 1.2A. The maximum junction 
temperature in this phase should not increase 
above the thermal shutdown threshold. In the 
case of output disable due to thermal overload re- 
mains the output disabled till the junction tem- 
perature decreases under the thermal enable 
threshold. This behaviour is assured with the ther- 
mal shutdown threshold hysteresis, its minimum 
value is 20K. 


Fig. 2 and Fig. 3 shows two typical application di- 
agrams for the headlight adjustment application. 
The preferable configuration is the differential 
input one, fig. 2 in which the optimum perfor- 
mance regarding the positioning precision and 
noise immunity is reached. To assure the safety 
of the circuit in the reverse battery condition a 
reverse protection diode Di is necessary. The 
input currents in this condition are limited by the 
resistors Rin+ and Rin-. The transient protection 
diode D2 must assure that the maximal supply 
voltage Vs during the transients at the Vgat line 
will be limited to a value lower than the absolute 
maximum rating for Vs. 


The device features an output disable function in 
case of input voltage overdrive. When the input 
voltage at one or both inputs increases above the 
input common mode range limit (Vin > Vs - 1.5V) 
both outputs will be forced to the source active 
condition (motor shortedx - stop). The thresholds 
of the described disable circuits are above and 
below the input common mode range, threfore a 
regular function is maintained until these thre- 
sholds are reached. 


Proposed additional features which may be im- 
plemented (not confirmed): 
— Disable for input voltage overdrive. 
In the case of input control wire or input feed- 
back wire short circuit to ground or the Vat 
line the output of the device will be disabled 
and therefore the previous motor position re- 
mains also in this fault condition unchanged. 
The input voltage threshold for the output dis- 
able function are in the range below 0.5V and 
above Vs-1.5V. 
— Vap and Van programmability with an external 
resistor. 
— Vs dependent Vap and Van or Vs independent 
positioning precision and noise immunity. 
— Output short circuit current limitation. 
— Disable/standby function. 
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Figure 2: Application Circuit (differential input configuration) 


N392L9IE7-B3A 


Note: Recommended value of Rin., Rin- is 5 to 10kQ. 


Figure 3: Application Circuit (summing point configuration) 


NS2ZLIIEG7-B4A 


Note: R5 is necessary to define the motor low position in case of broken control wire. 
Recommended value of the input source equivalent resistor value is 5 to 10kQ. 
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SGS-THOMSON 
MICROELECTRONICS L9930 


DUAL FULL BRIDGE 


PRODUCT PREVIEW 


Rps on = 2Q 

INTERNAL CLAMPING VOLTAGE = 50V 
INTERNAL FREE WHEELING DIODES 
PARALLEL DRIVE CAPABILITY 
RESISTIVE OR INDUCTIVE LOAD 


PROTECTION: — 

s TEMPERATURE PROTECTION ultiwatt 11 

2 SHORT-CIRCUIT PROTECTION (Vbat, LOAD, SHDEAING RIB ER eek 
GND) 


DETECTION: DESCRIPTION 


» SHORTED LOAD The L9930 mounted in Multiwatt 11, is a dual full- 


a» OPEN LOAD eee The output stages are Power Mos swit- 


BLOCK DIAGRAM 


DRIVER 
PROTECTION 
» CHANNEL 1 


TEMPERATURE/OUTPUT CURRENT 


O) 
N92L9936-81 IN1 IN2 ENABLE DIAG 


October 1992 1/6 


This 1s advanced information on a new product now in development or undergoing evaluation Details are subject to change without notice 


L9930 


ABSOLUTE MAXIMUM RATINGS 


| Symbol _| Parameter Value 
Clamped Energy at the Switching off ee 
Continuous Output Voltage ae) ie 


mJ 


Transient Output Voltage 

5 to 24 

| Vest _| Transient BatteryVoltage | 

| la | Reverse QutputCurrent, = 

| fn | Input Frequency 800 

Input Voltage 
s 


70 
24 
50 
50 
—3 
500 


f 

V 

Diagnostic Voltage 
Storage Temperature ° 
Operating Junction Tem 
Vesp (Note MIL STD 883C) 


C 
C 


V 


PIN CONNECTION 


OUTS 
UBAT 
OUT 4 
IN2 
ENABLE 
GND 
DIAG 
IN1 
OUT1 
UBAT 
OUT2 


PNY WO PP ION WO WO 


[ TAB CONNECTED TO PIN 6 MGR ae a 


PIN FUNCTIONS 


OUT 2 Output Channel 1 


| Name _ Function 
| Veer _| 


VBAT Power Suppl 


[ane 
Output Channel 1 

Input Channel 1 

) 6 | GND | Ground 
eee 
aca 


GND 
Enable 
Power Suppl 
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H-BRIDGE CONFIGURATION 


OUT (x+1) 


GND N92L 9938-83 


THERMAL DATA 


Symbol 
Thermal Resistance Junction to Case 


max. 
Thermal resistance Junction to Ambient max. 


| Symbol | Parameter |_—Test Condition |_Min. | Typ. | Max. | Unit _ 
| Rosoni | ONResistance S| tow 0.5A | | | ts | 
| Rosont_| ONResistance | = 0.5A | Tk | ts | 
lout = 0.1 ne Ee ee 
lout = 0.6A (see fig. 1) ae i a 
| Ta _| Output Voltyage Rise Time | Vous 0.1t00.9Voulseefig.t) | [| 50 | too | us 
| Tr _| Output Voltage Fall Time __| Vout:0.9100.1Vour(seefig.t) | | 50_| 100 | us | 


DR 
TDF 


| isc | ShortCiruit | 
| 160 


Temperature 


D 
Tuyst 
These protections switch off the full bridge. 


OUTPUT DETECTIONS CHARACTERISTICS 


Open-loadThresholdResistor | | too | | 
res © ee ae ee 


SUPPLY CHARACTERISTICS 


Supply Current louti-R = louta-R 0.5A 
loutt-L = loute-L — 0.5A 
Veat = 14V 


Rioadt = Rioag2 = 500 
Veat = 12V, ENABLE = 0 


iy S&s-THOMSON = 
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ELECTRICAL CHARACTERISTICS 
INPUTS CHARACTERISTICS (normal and standby mode) 


Parameter | TestCondition | Min. | Typ. | Max. | Unit _ 
| Vin | Highthresold | a 
[Vu LowThreshold = a 
| wa | inputcurrentt av 200 Tp 
| two | Input Current2 PE watv ET 20 
DIAGNOSTIC CHARACTERISTICS 

| Vonc | LowLevelVoltage | tnmg=2mA | | | ot | 
| lowe | Leakage Current | Vom =5.25V | | Tt A 
INITIALIZATION CHARACTERISTICS 

pus 


TRUE TABLE 


HSD LSD HSD LSD NORMAL VALID 


NORMAL | VALID 


HSD LSD NORMAL VALID 
LSD HSD NORMAL VALID 
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Figure 1: Initialization. 


OUTPUT: 


‘ IMPEDANCE ‘IMPEDANCE: 
STATUS: 


STATE : STATE 


‘ STARTUP : ‘VALIDATION OF THE 
PHASE: ‘ INPUTS INi. INj 


<—_——_—_———__»+—__> 
N92L9936-64 TINIT TSTUP 


Figure 2: Normal Condition. 


ENABLE 


N92Z2LI9GGG-85 
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Figure 3: Short-circuit Condition. 


Ibranch 


Isc 


Topl 


DIAG 


N9OZLIG3IE-66 


Figure 4. 


Open - load condition 2: 
Iopli=-Ubat/Ropll 


Topl2=«VUbat/Roplh 


Ibranch 


Isc 


Topli 
Iopl2 


DIAG 
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7 MIGROELECTROMICS L9936 


HALF BRIDGE MOTOR DRIVER 


20A OUTPUT CURRENT / DC OPERATION 
LOW SATURATION VOLTAGE 

VERY LOW CONSUMPTION IN OFF STATE 
OVERLOAD DIAGNOSTIC OUTPUT 
INTERNAL TEMPERATURE SENSOR 
GROUNDED CASE 

MULTIWATT-8 PACKAGE WITH HIGH CUR- 
RENT LEADS 


DESCRIPTION 
The L9936 device is an half “H” bridge in bipolar Multiwatt-8 
technology particularly suited to drive up to 20A 
bidirectional DC motors. 

The device also performs an overload diagnostic 
output and an internal temperature sensor. 

The device is assembled in Multiwatt-8 package 
with the case connected to the ground terminal. 


ORDERING NUMBER: L9936 


BLOCK DIAGRAM 


December 1991 1/8 
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ABSOLUTE MAXIMUM RATINGS 


| symbol | Parameter 
Maximum DG Voltage (non operatingmode) | 
[Maximum DC OperatingVoltage | 
| Maximum Transient Voltage tr= 5ms,td=300ms (non operatingmode)| 50 

| -0.3VtoVB 


Input Voltage -0.3V to VB 


Diagnostic Feedback Voltage -0.3 to 6 


Output Current ae eee 
T,, Tsta Junction and Storage Temperature Range -40 to +150 : 


Vp 
VB 
VB 
V, 
VpF 


28 
20 
50 
30 


PIN CONNECTION (Top View) 


M89L296-81 


PIN FUNCTIONS 


Command input to switch on the upper power transistor of the half bridge 
Positive supply voltage (to be connected before the reverse battery protection diode 
Positive supply voltage (to be connected after the reverse battery protection diode 


Power Output 


Power ground (also connected to the case 
Analog output to monitor the internal temperature of the device 
Command input to switch on the lower power transistor of the half bridge 


Open collector output to monitor overload conditions 


2/8 
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INPUT/OUTPUT TRUTH TABLE 


Note 1. Z means high impedance condition 
Note 2 IN1 and IN2 must not be H at the same time 


THERMAL RESISTANCE 


| Symbol __ Parameter | Value | nit _| 


ELECTRICAL CHARACTERISTICS (Vs = 14.4V; -40 < Tj < 125°C unless otherwise specified) 


| Symbol | Parameter |_Test Condition 


| Vs ___| Operating Voltage aia Lees 
| Vp __| Operating Voltage eas (F7- ee al 


VouB Vg to Out Saturation Voltage lo = 20A 
VD to Out Saturation Voltage lo =20A 


VB 
Vb 
Vot 
Supply ON Current (Vo = L) one 
Supply ON Current (Vo = H) aa 


Supply Off State Current Tj = 25°C 
Input ON Current 


APPLICATION INFORMATIONS 


L9936 is particularly suitable in full bridge configu- 
rations to drive high current bidirectional DC mo- 
tors in uC based systems. 

Fig. 1 shows a possible application circuit, with an 
analog interface between the power devices and 
the nC. In the following, the functions of each 
block of the analog interface are described. 


1 - Overvoltage And Reverse Battery Protection 
L9936 is particularly suitable as a full bridge to 
drive the window lift motors in automotive applica- 
tions. Fig. 2 shows the circuit schematics; due to 
the hostile automotive environment, it is necess- 
ary a transil (suggested type LDP24A) between 
VD and GND, to protect the two L9936 against 
overvoltages higher than 50V. In addition, if the 
reverse battery protection is requested, the diode 
D1 between VB and VD can be used (suggested 
type BY239). 
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Figure 1 
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Figure 2 


INIL 


IN2L 


2 - Switch-off Sequence 


Referring to Fig. 2 and supposing i.e. T1 and T4 
ON, T2 and T3 OFF (this means IN1L = IN2R = H, 
IN2L = IN1R = L), the following steps have to be 
observed to allow a correct recirculation of 
the current in the motor at the switch off (Ref. Fig. 3): 


a)switch off T1 and wait for 100usec about in 
this condition (IN{L = IN2L = INIR = L, 
IN2R = H) 

b)after the a.m. delay switch ON T2 (INiL = 
IN1R =L, IN2L = IN2R = H) 

c)switch off both T2 and 14 (INiL = IN2L = 
IN1R = IN2R = L) 


Step a) allows the recirculation of the motor cur- 
rent due to the inductive component of the motor 


Figure 3: Switch-off Sequence 


turn-off 


IN1 
left half 
bridge 


IN1 
right half 
bridge 


IN2 
right half 
bridge 


IN2 
left half 
bridge 


| 
100uS | 1 BRAKING | | 


L9936 


IN1R 


IN2R 


itself between DS1 and T4; the 100usec delay 
time is needed to avoid the cross-conduction in 
the left half bridge. 


In step b) the motor is short circuited to GND (T2 
and T4 ON) and this allows the-dynamic braking. 
In step c) T1, T2, T3 and T4 are OFF to allow a 
very low current consumption of the two half 
bridges. 

lf the dynamic braking is not requested, step b) 
can be omitted. In any case the lower power tran- 
sistor of an half bridge must be kept ON, after the 
switch off of the upper transistor of the other half 
bridge, for a time longer than T = 5° RL/ Lt, 
where Rt and Li are the resistance and the 
inductance of the load. 
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3 - Input Driving Voltage 

To allow a correct operation of L9936 over the full 
temperature range, the driving voltage at the input 
pins must be higher than 5.5V, with 5mA current 
capability. 


4 - Short Circuit Protection 


It is possible to protect L9936 against short circuit 
to ground and across the motor in the full bridge 
application. 

The circuit schematics shown in Fig. 4 uses two 
voltage comparators (U1A, U1B) to detect the 
Vce of the upper power transistors. 

U2A and U2B are open drain NAND gates (i.e. 
part no. HCC40107) and U3A/B/C/D are non in- 
verting buffer to drive the two L9936 (i.e. part no. 
74HC4050). 

U1A and U1B sense the differential voltage VD-OUTL 
and VD-OUTR respectively. 

Referring to Fig. 4, chosen Ri=100K and R2 = 20K, 
the values of R3 and R4 may be calculated ac- 
cording to the following formula: 


_ (Vo- VoetH) — 0.166 Vb) ,, 
be 0.166 Vp ne 

where : 

Vp = bridge power supply 

VceTH = collector to emitter detection threshold. 
Choosing VcetH = 2V @ Vp = 12V and R4 = 1K, 
the above formula gives R3 = 4K. 


When all signals from pC are at low level (motor 
Figure 4 
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off), the input to the two half bridges are low too; 
in these conditions the output voltage of the two 
comparators is high and therefore the outputs of 
U2A/U2B are free. 

When the uC sends, for example, L1 and R2 
high, the left half bridge output goes high and the 
right one goes low. 

At this point the output of U1A pulls down the 
input of U2A before that the delay capacitor C1 is 
charged (through R5) up to the U2A threshold; in 
this way the U2A output remains free and the 
bridge drives the motor. 

If a short circuit occurs, the Vce of the upper 
power transistor increases above the threshold 
and then the U2A output pulls down the L1 input 
to L9936. 

Contemporary the SC signal to uC, high in normal 
conditions, goes low; at this point the uC ex- 
ecutes the switch-off sequence. 

We have just explained what happens when a 
short circuit occurs during the motor running 
phase. 

Another faulting condition occurs switching on the 
bridge when a short circuit is present; in this case 
the bridge is driven for a time depending on the 
time constant R5 « C1 = R6 « C2. Choosing 
R5 = R6 = 3.3K and Ci = C2 = inF, then the time 
cqnstant will be T = 3.3usec, that is 5usec about 
delay time. Longer delay time might allow the 
short circuit current to reach values beyond 
the absolute maximum ratings. 


5 - Thermal Protection 


> TOUC 


i FROM uC 


TO L9936 
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The L9936 has 5 built-in diodes series-connected 
that can be used to implement a thermal protec- 
tion for the device. 

Fig. 5 shows the relationship between the voltage 
across the diodes and the temperature at 100HA 
diode current. 


Fig. 6 shows the simplest solution to do a thermal 


Figure 5 


Vdiodes N@SLI9G36-81 
LEGEND 
156° C-2.452U 
125°C-2.679V 
166° C-2.988V 
75°C-3.136U 
58@°C-3.361U 
25°C-3.589U 


Id=168uUA 
AV/AT=#8.8mV/°C 
Ud25° C-717mU 


-596-25 @ 25 S5@ 75 1806125 °C 


protection; an A/D converter of the uC is used to 
detect the voltage drop across the 5 diodes. The 
15K resistor sets the current in the diodes and the 
100nF capacitor acts as a filter against the noise. 
When the uC detects a voltage lower than the low 
threshold chosen according to the diagram in 
Fig. 5, it executes the switch-off sequence and re- 
jects any command to the bridge until the diodes 
voltage increases beyond the high threshold. The 
recommended hysteresis value is 30°C. 


Figure 6 


> A/D CONVERTER 


6 - Overvoltage Protection 


At point 1 we suggest a way to protect the L9936 
against the voltage transients. This protection 
allows the device to withstand overvoltages only if 
the bridge is not operating. To protect the device 
against the overvoltages in all the operating con- 
ditions it is possible to implement the circuit 
shown in Fig. 7. 


(Note: A-B are connected to the nodes between 
R3 and Ré4 (left side and right side) in Fig. 4; C is 
connected to the node between Ri and R2 in Fig. 4). 
When Vp reaches 18V the comparator output 


L9936 


Figure 7 


pulls down A and B, causing the intervention of 
the hardware protection shown in Fig. 4; at the 
same time the OVV signal is sent to uC, which 
executes the switch off sequence. The uC must 


* reject any command to the bridge during the over- 


voltage conditions. 

With the values showed in Fig. 7, a 1V hysteresis 
is provided. 

It is possible to enhance the performances of the 
system just described avoiding the braking of the 
motor also for short duration voltage transients; to 
do this the uC, once received the overvoltage di- 
agnostic signal (OVV), put at low level the 
commands to the upper transistors of the two half 
bridges (L1 and L2 in Fig. 4), allowing the free 
running of the motor. 

The system holds this condition until OVV is ac- 
tive; when the OVV signal is released the uC re- 
stores the previous commands to the bridge. 


7 - Diagnostic Feedback Output 


DF pin is an open drain output to monitor overcur- 
rent and overtemperature conditions. 

The overcurrent detection threshold is inversely 
dependent from the temperature of the chip. 
Typical application of this function is to send the 
DF signal, with an external pull-up to Vcc, to a 
digital input of the uC; when the DF signal goes at 
low level, the nC executes the switch-off se- 
quence. 


L9936 INA BODY MULTIPLEX ENVIRONMENT 


All the functions described above can be im- 
plemented in a custom integrated circuit together 
with a bus transceiver and a protocol handler. It 
is then possible to obtain a very small size mo- 
dule that can be integrated directly in the actua- 
tor. Fig. 8 shows a typical application of these 
modules as peripheral units in a “Class A” wired 
Multiplex System. 
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Figure 8: “Class A” Wired Peripheral Application 
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FULL BRIDGE MOTOR DRIVER 


6A OUTPUT CURRENT 

LOW SATURATION VOLTAGE 

VERY LOW CONSUMPTION IN OFF STATE 
OVERLOAD DIAGNOSTIC OUTPUT 
INTERNAL TEMPERATURE SENSOR 
GROUNDED CASE 
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DESCRIPTION 


The L9937 device is a full bridge for bidirectional 
motor driver applications realized in bipolar tech- 
nology; it can deliver up to 6A output current with 
low saturation voltage. Multiwatt 11 

Two diagnostic informations are provided to moni- 

tor overload conditions and the internal tempera- ta ee a 
ture. 

The device is assembled in the MULTIWATT-11 
package with the case connected to the ground 
terminal. 


BLOCK DIAGRAM 


DF IN1_ IN2 
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ABSOLUTE MAXIMUM RATINGS 


Ve Maximum DC Voltage (non operating mode 
Ve Maximum DC Operating Voltage 
5 


: 
0 

Vp Maximum Transient Voltage tr = 5ms, td = 300ms (non operating mode 
Vi Input Voltages -0.3V to VB 
10 


Vor _| Diagnostic Feedback Voltage 
Output Current ae 
Junction and Storage Temperature Range -40 to +150 


PIN CONNECTION (Top View) 


T ; Tsto 


OT 
IN2 
N.C. 
OUT2 
UD 
GND 
OUT1 
UB 
IN1 
EN 
DF 


PN WO OH N DW LW 


N8GL237-61 


PIN FUNCTIONS 


| Ne | Name _| 

Open collector output to monitor overload conditions 

Enable Input 

Command input 

Positive supply voltage (to be connected before the reverse battery protection diode) 

| 6 | ~—GND__|Powerground(alsoconnectedtothecase) 
Positive supply voltage (to be connected after the reverse battery protection diode) 

| = g  |  OUT2 | Power output of the 2 half bridge 

| 9 | ONG. Not connected 

Command input 


2 
Analog output to monitor the internal temperature of the device 
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INPUT/OUTPUT TRUTH TABLE 


is es ee See Bp 
oar Lae 


Note 1: Z means high impedance condition 
Note 2 All other conditions are not permitted 


THERMAL RESISTANCE 


Thermal Resistance Junction-case TBD 


ELECTRICAL CHARACTERISTICS ( Vs = 14.4V; -40 < Tj < 125°C unless otherwise specified) 


aie 
aaa 


1.9 
650 


| 600 | 
| | 100 | 
| 35 | | 


Cite [ ai 
rep v— 
ref 
a ee 
—— 
Wis 
00 


V 
V 
mV 
V 
mV 
mA 


APPLICATION INFORMATIONS 1 - Overvoltage And Reverse Battery Protection 
L9937 is particularly suitable to drive up to 6A L9937 is particularly suitable to drive the door 
bidirectional DC motors in uC based systems. lock motors in automotive applications. Fig. 2 
Fig. 1 shows a possible application circuit, with an shows the circuit schematics; due to the hostile 
analog interface between the power devices and the uC. automotive environment, it is necessary a transil 
In the following, the functions of each block of the (suggested type 1.5KE386) between Vp and 
analog interface are described. GND, to protect the L9937 against overvoltages 


higher than 50V. In addition, if the reverse battery 
protection is requested, the diode Di between 
VB and VD can be used (suggested type 
BYW29-200A). 
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Figure 1 
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Figure 2 


2 - Switch-off Sequence 


Referring to Fig. 2 and supposing i.e. T1 and T4 
ON, T2 and T3 OFF (this means EN=H IN1=H 
IN2=L), the following steps have to be observed 
to allow a correct recirculation of the current in the 
motor at the switch off (Ref. Fig. 3): 


a)switch off T1 and wait for 100sec about in 
this condition (EN = LIN1 =HIN2 = L) 

b)after the a.m. delay switch ON T2 (EN =L 
IN1 =H IN2 = H) 

c)switch off both T2 and T4 after the motor 
stop (EN = L IN1=LIN2 =L) 


Step a) allows the recirculation of the motor cur- 
Figure 3: Switch-off Sequence 


turn-off 


L9937 


rent due to the inductive component of the motor 
itself between DS1 and T4; the 100usec delay 
time is needed to avoid the cross-conduction in 
the left half bridge. 

In step b) the motor is short circuited to GND (T2 
and T4 ON) and this allows the dynamic braking. 
In step c) T1, T2, T3 and T4 are OFF to allow a 
very low current consumption of the bridge. 
If the dynamic braking is not requested, step b) 
can be omitted. In any case the lower power tran- 
sistor of an half bridge must be kept ON, after the 
switch off of the upper transistor of the other half 
bridge, for a time longer than T = 5 » Ri/L1, where 
Rl ae LI are the resistance and the inductance of 
the load. 


BRAKING 


—= i 
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3 - Input Driving Voltage 

To allow a correct operation of L9937 over the full 
temperature range, the driving voltage at the input 
pins must be higher than 5.5V, with 4mA current 
capability. 


4 - Short Circuit Protection 


It is possible to protect L9937 against short circuit 
to ground and across the motor in the full bridge 
application. 

The circuit schematics shown in Fig. 4 uses two 
voltage comparators (U1A, U1B) to detect the 
Vce of the upper power transistors. U2A and U2B 
are open drain NAND gates (i.e. part no. 
HCC40107) and USA/B/C/D are non inverting 
buffer to drive the L9937 (i.e. part no. 
74HC4050). 

U1A and U1B sense the differential voltage VD- 
OUT2 and VD-OUT1 respectively. Referring to 
Fig. 4, chosen R1=100K and R2=20K, the values 
of R3 and R4 may be calculated according to the 
following formula: 


(Vp— VceTtH) — 0.166 Vp) | 
noe 0.166 Vp pn 


where : 
Vp = bridge power supply 
VcETH = Collector to emitter detection threshold. 


Figure 4 


Choosing: 
VcETH = 2V @ Vp = 12V and R4 = 1K, the above 
formula gives R3 = 4K. 


When all signals from pC are at low level (motor 
off), the inputs to the bridge are low too; in these 
conditions the output voltage of the two compara- 
tors is high and therefore the outputs of U2A/U2B 
are free. When the uC sends, for example, IN2 
and EN high, OUT2 of the bridge goes high and 
OUT1 goes low. 

At this point the output of U1A pulls down the 
input of U2A before that the delay capacitor C1 is 
charged (through R5) up to The U2A threshold; in 
this way the U2A output remains free and the 
bridge drives the motor. 

lf a short circuit occurs, the Vce of the upper 
power transistor increases above the threshold 
and then the U2A output pulls down the enable 
input of L9937. Contemporary the SC signal to 
uC, high in normal conditions, goes low; at this 
point the uC executes the switch-off sequence. 
We have just explained what happens when a 
short circuit occurs during the motor running 
phase. Another faulting condition occurs switch- 
ing on the bridge when a short circuit is present; 
in this case the bridge is driven for a time depend- 
ing on the time constant R5 * Ci = R6=« C2. 
Choosing R5 = R6 = 3.3K and C1 = C2 = inf, 
then the time constant will be T = 3.3usec, that is 
5usec about delay time. Longer delay time 
might allow the short circuit current to reach 
values beyond the absolute maximum ratings. 


TO L9937 
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5 - Thermal Protection 


The L9937 has 5 built-in diodes series-connected 
that can be used to implement a thermal protec- 
tion for the device. 

Fig. 5 shows the relationship between the voltage 
across the diodes and the temperature at 100A 


Figure 5 
Udiodes 


N8GLIG3ZE-B1 
LEGEND 
156° C-2.452U 
125° C-2.679V 
196° C-2.968U 
75°C-3.4136VU 
58°C-3.361U 


Id=168UA 
AV/AT=8.8mU/°C 
Ud25° C=717mV 


2 
-56-25 6 25 56 75 1868125 °C 


diode current. 


Fig. 6 shows the simplest solution to do a thermal 
protection; an A/D converter of the uC is used to 
detect the voltage drop across the 5 diodes. The 
15K resistor sets the current in the diodes and the 
100nF capacitor acts as a filter against the noise. 
When the uC detects a voltage lower than the low 
threshold chosen according to the diagram in 
Fig. 5, it executes the switch-off sequence and re- 
jects any command to the bridge until the diodes 
voltage increases beyond the high threshold. The 
recommended hysteresis value is 30°C. 


Figure 6 


> A/D CONVERTER 


6 - Overvoltage Protection 


At point 1 we suggest a way to protect the L9937 
against the voltage transients. This protection 
allows the device to withstand overvoltages only 
if the bridge is not operating. To protect the de- 
vice against the overvoltages in all the operating 
conditions it is possible to implement the circuit 
shown in Fig. 7. 


(Note: A-B are connected to the nodes between 


L9937 


Figure 7 


R3 and Ré4 (left side and right side) in Fig. 4; C is 
connected to the node between R1 and R2 in Fig. 4). 
When Vp reaches 18V the comparator output 
pulls down A and B, causing the intervention of 
the hardware protection showed in Fig. 4; at the 
same time the OVV signal is sent to uC, which 
executes the switch off sequence. The uC must 
reject any command to the bridge during the over- 
voltage conditions. 

With the values shown in Fig. 7, a 1V hysteresis 
is provided. 

It is possible to enhance the performances of the 
system just described avoiding the braking of the 
motor also for short duration voltage transients; to 
do this the uC, once received the overvoltage di- 
agnostic signal (OVV), put at low level the 
enable of the L9937, confirming the hardware 
switch-off of the motor; in this condition an output 
of the half bridge is in high impedance state and 
the other one is low, allowing the recirculation of 
the current and the free running of the 
moior. 

The system holds this condition until OVV is ac- 
tive; when the OVV signal is released the uC 
resets the hardware protection, sending EN = IN1 = 
IN2 = L and then restore the previous command to 
the bridge. 

It is mandatory, however, to wait for the complete 
current recirculation of the motor before to reset 
the hardware protection; in facts, when EN = IN1 
= IN2 = L both the L9937 outputs are in high im- 
pedance conditions. 


7 - Diagnostic Feedback Output 


DF pin is an open drain output to monitor overcur- 
rent and overtemperature conditions. 

The overcurrent detection threshold is inversely 
dependent from the temperature of the chip. 
Typical application of this function is to send the 
DF signal, with an external pull-up to Vcc, to a 
digital input of the uC; when the DF signal goes at 
low level, the uC executes the switch-off se- 
quence. 
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L9937 IN A BODY MULTIPLEX ENVIRONMENT 


All the functions described above can be im- 
plemented in a custom integrated circuit together 
with a bus transceiver and a protocol handler. 


Figure 8: “Class A” Wired Peripheral Application 


It is then possible to obtain a very small size mo- 
dule that can be integrated directly in the actua- 
tor. Fig. 8 shows a typical application of these 
modules as peripheral units in a “Class A” wired 
Multiplex System. 


ANALOG ANALOG ANALOG 
INTERFACE INTERFACE INTERFACE 
BUS RX/TX BUS RX/TX BUS RX/TX 

PROT. HANDL. PROT. HANDL PROT. HANDL. 


8/8 
$$ fg SGS-THOMSO 
7 POCROLLEeTROMes 


406 


{ SGS-THOMSON 
SF iiiCROELECTRONICS L9946 


MULTIPLE HALF BRIDGE DRIVER 


ADVANCE DATA 


4.75A TOTAL OUTPUT CURRENT 

VERY LOW CONSUMPTION IN OFF STATE 
OVERLOAD DIAGNOSTIC 

OPEN LOAD DIAGNOSTIC 

GROUNDED CASE 


DESCRIPTION 


The L9946 device is a quad half bridge plus an 
High Side Driver for bidirectional 3 motors and a 
grounded load driver applications realized in 
Multipower-BCD technology: it can deliver up to 
4.75A output current. Multiwatt 15 


Multiple diagnostic informations are provided to ORDERING NUMBER: L9946 
monitor overload and open load conditions. 

The device is assembled in the MULTIWATT-15 
package with the case connected to the ground 
terminal. - 


BLOCK DIAGRAM 


OUT 1 OUT2 OUTS OUT 


DRIVERS DECODERS 


CONTROL LOGIC 


8 © 6 
1 DG2 INi IN3 I 
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L9946 


PIN CONNECTION (Top view) 


ABSOLUTE MAXIMUM RATINGS 


Symbol Parameter pValue | Unit 
Supply Voltage 
-0.3 0 20 

D < 


te We 

| DRQ | DiagnosticRequestInput CC —C—i—‘LSSCC TOAD | CY 

ale 2 a 
Diagnostic Outputs Current 10 mA 

5 


O 


O 


OUTS5 High Side Driver Output Current = aa 
Storage and Junction-Case Temperature -40 to 150 °C 


Power Dissipation Tcase = 85°C 
THERMAL DATA 


| Symbol | escription =| Vale | Unit _| 
Thermal Resistance Junction-case Max 


PIN FUNCTIONS 


Pi eseripticn 
| DRQ | Diiagnosticrequestinput, 
Output of the high side driver. 
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ELECTRICAL CHARACTERISTICS (Vs = 13V; -40 < Tj < 125°C, unless otherwise specified) 


i ee a ee 
ae ie oe eee eee eS ee 
Ms PsusGuren———feweoavrease [|| 900 an 


Supply Current EN = Hi: IN1 = IN2 = 1IN3 = IN4 1 mA 
=X DRQ=L 

Supply Current Open Load EN = DRQ =H; IN1 =IN2 = mA 

Diagnostic IN3 = IN4=L 


op a 
| Ven__| EnableinputVottageLow | | | tw | 
| Venth | EnableThresholdHysteresis | | 80 T| 
| _len___| Enable InputCurrentHigh | O<Ven<5.6V | | | 8A 
| Vn | inputVoltageHigh | | 
| Vn InputVottagetow | Tt | 
| Vintn —_| Input Threshold Hysteresis | | to || 
El neutron | Bevan 
| Vag | DiagnosticRequestHign | | 
| Vegt__| DiagnosticRequestLow | | Tt ot | 
DiagnosticReg.Thr.Hysteresis | | to | S| Sm 


| liq __|_ Diagnostic Req. Current 0 < Varg < 5.5V as a ee 
| Rug __| Diagnostic Output Resistance __| Cc ce 
) Ko Diagnostic Output leakage Vag (1-2) = 16V 

Current 


Ron ouT1 ON Resistance (to supply or to 10V < Vs < 30V 
Ronout2 | GND) 

Ron ouT3 

Ron ouT4 


lout1 0 | Output Current in Open Load IN1 = IN2 = IN3 = IN4=L; 
lout2 o | Diagnostic DRQ=H EN=H 
lout3 o | 


cue Careninpertos Current in Open Load IN1 =IN2=IN3 =IN4=L; 
a DRQ=H EN=H 


lout o | ee Current in Open Load IN1 = IN2 =IN3 = 


ee DRQ=H EN=H 


loutt/2 Output Current Threshold for A 
loutava Diagnostic 4 75 A 
louts +4.75 A 


IN4 =L; 
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FUNCTIONAL DESCRIPTION 


en [we | we | n_{ pre | ours | oure | ours | ours | ours __conomion _ 
as a Se [Tore [oper mode OFF 
Ce ee er 
x | se | t | tT | snk | OFF | Miright | 
| x | snk | t | t | src | oFF | Mttet 
| x | tf se | tT | snk | OFF | Marignt | 
Eo | x | tT | snk | T | se | OFF | Matet | 
pat + fo | xX | tf Tt | ste {snk | OFF | Maright | 
Po | o | o | xX | tf Tt | snk | src | OFF | Mate | 
_—t_{ 1 {0 |x} sok {snk oni —_snk 1 OFF {Braking ___ 
| x | sr | tT | tT | snk [sro | Mtright+HsD_ 
1 eS a 
pa ft | x | tf sre | Tt | snk | sro | M2right¥HSD 
pi | o [| 4 | x | tT | sm | T | se | src | Metet+HsD | 
pa ft a fa | x [| tf tf sre | snk | sro | M3right+HSD | 
po | o | + | x | tT | t | snk | se | sro | Matet+HsD | 
pa | tf a | xX | snk | snk | snk | snk _| sro _| Braking+HSD | 
OO sl Ee oie. Report 


Note 1: T means high impedance condition; snk means sink condition of the output; sre means source condition of the output 


—s 


HEE 


*Note 2: 
In the open load diagnostic condition the sink current of OUT1, OUT2 and OUTS is typically +10mA. In the same condition the source current 
of OUT4 and OUTS are respectively -100mA and -10mA. 


TRUTH TABLE OF THE DIAGNOSTIC FUNCTION 


EN [int [ia Joma jie} DRG | .oG1 |_ocz {_—._ CONDITION 
SEK 5 (ORAS SCORE BES EE oe 7 
pa ft x | x | x | at ft o ft [0 | oOvercurentintheHsD 
ptjo fo fo | o {4 {0 _} 1 | Open ese inthe HB —__ 
| 0 | OpenLoadintheHSD 

(Gamat 


Overcurrent in the HB and HSD or 
overtemperature 


Open load in the HB and HSD or 
overtemperature 


Notes: 

*: Don’t care but IN1, IN2 and IN3 must not be 0 at the same time. 
HB: Half Bridges 

HSD: High Side Driver 
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QUAD HALF-BRIDGE AND SINGLE HIGH-SIDE DRIVER 


LOW CONSUMPTION IN STANDBY MODE 
(<100uA) 

TWO HALF BRIDGES FOR 3A LOAD 

(Roson = 0.25Q TYP; T, = 25°C) 

TWO HALF BRIDGES FOR 0.5A LOAD 
(RDSON = 2.5Q TYP; Tj = 25°C) 

HIGH SIDE DRIVER FOR 2.5A LOAD 

(Rpson = 0.45Q TYP; T, = 25°C) 

DIRECT CONTROLLED BY uC (MULTIPLEX 
SYSTEM) 

a» OUTPUT HIGH/LOW LEVEL DIAGNOSTIC 

» OVERCURRENT SWITCH OFF AND DIAG- 
NOSTIC 

OVERTEMPERATURE DIAGNOSTIC BE- 
FORE SWITCH OFF 

OPEN LOAD DIAGNOSTIC 


| 
DESCRIPTION 

The L9947 is a bus controlled power interface in- 
BLOCK DIAGRAM 


POU 
& 
LI 


PUMP 


ie ee 
MODE © 


|_| 
ee ae ETE | 


O 
D 


November 1992 


CONTROL LOGIC 
; TRECTIONAL 
NTERFACE 
13 
1 D 


BID 

I 
cra Come 

2) D 


PRODUCT PREVIEW 


RS 


rw 
aw 
LW 
Multiwatt 15 
ORDERING NUMBER: L9947 


tended for automotive applications realized in 
multipower BCD60II technology. Up to three DC 
motors and one grounded resistive load can be 
driven with its four half-bridge and one high-side 
driver power outputs. The microcomputer com- 
patible bidirectional parallel bus allows several in- 
terfaces connected on the same bus (multiplex 
system). The full diagnostic information is available 
on the bus. . 


ER DRIVER 
CURRENT 
MITATION 


OUTPUT VOLTAGE 
DETECTION 
OVERLOAD 
DETECTION 


QUERTEMPERATURE 
DETECTION & 
SHUTDOUN 


ade =! 


2 MN92Z2L9G47-B1A 


O 
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ABSOLUTE MAXIMUM RATINGS 


Single Pulse tmax < 400ms 
| is NegativeSupplyCurrent | 


Vosn, Vawn | Digital Input Voltage -0.3 to Vcc+0.3 
VMODE 


Vv 
| lours-ours | OutputCurrentPower | intematiimited | 
Thermal Shutdown Junction Temperature 


PIN CONNECTION 


Pn oOh Lg N © W 


NI2L9I947-63 


THERMAL DATA 


| Symbol _| Parameter | Value ———s|_ Unit | 
Thermal Resistance Junction Ambient Prot = 25W; free air; DC 


Zth j-amb Thermal Resistance Junction Ambient still air; 10 °C/W 
single pulse tp=20s 
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ELECTRICAL CHARACTERISTICS (Vs = 8 to 16V; Vcc = 4.5 to 5.5V; T, = -40 to 150°C;unless other- 
wise specified; the voltage are refered to GND and currents are assumed positive, when the current 
flows into the pin.) 


SUPPLY: 


[| Parameter | Test Condition |_Min. | Typ. | Max. | 


8 
8 
| [fl 


Icc+Is Sum Supply Current lout1= lour2= lours= loura - 100 
louts= 0; Standby (status 2)Vs 
= 14V: Vcc = 5.5V; 
Vs < 14V; Voc = 5.5V; lour= 0; { 
status 17); 
VSOVT Overvoltage Shutdown 17 25 V 
Threshold 


CONTROL INPUTS: CNS, R/WN, MODE 


oe ee Oe 
input Low Level ieee aS a es 


= 5V pee (irc Fn a ao 
Input High Level PWeee OVS oe. eb ee oe 
Input Hysteresis PMG SV oe ee Oe ee 
Voc = 5V; Vin= 0 Tae eee ae 
lINH Input Current High (with Veco = 5V; Vin= 5V -10 10 uA 
exception of CSN Input 
Rcsn Input Resistance to GND (pull 
downatCSN pin) - 


DATA INPUT: DO - D3 


| Symbol | Parameter Test Condition | Min. | 


Pas Tv 
Vows, —[Inputbightevet_ | vec= svimove-o as [| |v 
[Von [inputhyseress | Veo Svimove-0 os | | ‘|v 
Vee 6V;Vi= SY 


DATA OUTPUT: DO - D3 


| Symbol | Parameter Test Condition 


Output Low Level Vec= 5V: Ip= 0.5mA; MODE Lo a 

a4 

Input High Level Vec= 5V:Ip= 0.5mA; MODE ew 
24 
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ELECTRICAL CHARACTERISTICS (continued) 
OUTPUTS: 


| Symbol | Parameter | _——Test Condition | Min. | Typ. | Max. | Unit _ 


Ronoutt | On Resistance to Supply or Vs = 8V;_ T, = 125°C; 
GND lout = +0.5A 
Vs >10V; T; = 125°C; 
louT =+0.5A 
Ronout2 | On Resistance to Supply or Vs = 8V; T, = 125°C; 
GND lout = +0.5A 
Vs > 10V; T, = 125°C; 
lout =+£0.5A 


Ronout3 | On Resistance to Supply or Vs = BV; T, = 125°C; mQ 
GND louT = £2.5A 
Vs = 10V; T, = 125°C; 395 mQ 
lout =+2.5A 
Ronout4 | On Resistance to Supply or Vs = BV; T, = 125°C; mQ 
GND lout = +2.5A 
Vs > 10V; T, = 125°C; 395 mQ 
lout =+£2.5A 


On Resistance to Supply Vs = 8V; T, = 125°C; lout=-2A a ee ee ee 


Vs > 10V; T, = 125°C: 
lout =-2A 


llouTs | Output Current Limitation to For the function of the short 
Supply or GND circuit current limitation see the 


llour2| | Output Current Limitation to functional description (pag...) 
Supply or GND 


[louTs | Output Current Limitation to 
Supply or GND 

[louTa | Output Current Limitation to 
Supply or GND 


| tours | OutputCurrent_ | Vous =2.5Vs (status 18) | 5 | 

| loure | OutputCurrent | Vou=25vi(statusta) | | 
| tours | Output Current | Vou=2viistatusi8) | 5 | | 15 | mA 

| 80 | 

a 


Output Current VouT4 =2.5V; (status 17) 


Vouts=Vs -2.5V; (Status 16 or 18) 


Output Current Vouts =Vs -2.5V; (status 18) 


VouT1-5 Output Voltage Detection Vs=13V; (Status 11) 

Thresholds LOW 4.9 0.4Vs 5.5 V 

HIGH 7.5 0.6 Vs 8.1 V 

HYSTERESIS 0.2 Vs V 
Tuot | OvertemperatureDetection | statusi2-15 Fs | S| 10 | | 
Thresholds steady state t>20ms 125 | |<tp| cc | 
Overcurrent SwitchoffTime | ss —C—C*é‘Ys CSO | 
Internal OscillatorFrequency |  ——“‘é‘iLSC“‘(Sst OT 


uae Ky Scs:THomson 
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APPLICATION CIRCUIT DIAGRAM 
Fogure 1: Recommended Application Circuit. 


PARALLEL BUS 


FUNCTIONAL DESCRIPTION 


The L9947 is a power interface circuit designed 
for a multiplex system controlled by a parallel uC 
bus. The bus consists of four bidirectional data 
wires DO - D3 and three contro! wires read/write 
(R/WN), mode (MODE) and chip select (CSN). 


19947 


NG2ZLIGHAZ-B2 


The device needs two supply voltages. The first 
voltage supplies the half bridges, high side driver 
and its driving part. The second one is a 5V stabi- 
lized supply. The function of the device in the typi- 
cal operating modes is described in the following 
tables. 
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Output Activating/write Table 1 


| Status | CSN |R/WN|MODE| Do | D1 | D2 | Ds [ouT1|oUT2|oUT3|OUTs|OUTS| FUNCTION 

eM dd a ab 
programmed before 

ie eee ofo| +} t {tr | t | T | aloutputs, standby mode | 

ra reer. pea eo eee 


| 4 [ito | o [ititolfolsnk] +t] t [src] t_ Mt, eft 
ee 


a 
ee ea 
| 9 [ito | o [ital [ol snk|snk|snk|snk| T | Braking 
| to [ito] o fofofoji} tr] rt} tr} tT [src] Highsidedriver 


Notes: 

Where CSN = 0 the device is (for t < 100us) transparent, in this condition any change of Data DO .... D3 
will lead to the apprpriate output response. 

Deselecting the circuit (CSN {  ) the last programmed status will be stored. 


Diagnostic / read. Table 2: 
In readout modes the port DO .... D3 is acting as an output showing the conditions detected before. 


OUT1, OUT2, ous OUT: 
| o =| or _| outs | Nofailure, OUTS; 


OVCi, OUTS; 


or OVV + OVC 
or OVV + OVC2 


Diagnostic / write. Table 3: 
Diagnostic modes are used to check the load status for broken or shorted wires. 


[Status | CSN | R/WN| MODE |Do|D1|D2| D3 | ouT | oUT2 | ouT3 | OUTS | OUTS 
16 | Lf 1 1 x) oF T T |140mA] T 
SRC 
17 | Lf 1 1 Mal, T T |140mA} T Istlec $ 1MA for louts = 0 
SNK 
oa 140mA | 10mA 
SRC | SRC 


/WN 
te ales] se 2) 20 aa tile ae ee 
20 X X X |X |X] xX T T T T T Clear, Static CSN = 0 will 
force clear status and 
standby after 100us 
without respect of data 
inputs 
Symbols: AB: As before OVC1: Overcurrent 1 was >0.6Vs during test 
1: Logic High ‘LT Low pulse t < 100us OVC2: Overcurrent 2 - Low if output voltage 
0: Logic Low SRC: Source OVV: Overvoltage was < 0.4Vs during test 
T: Tristate SNK: Sink OUTX: 
X: Don't care OT: Overtemperature - High if output voltage 
6/11 
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Figure 2: System Startup Sequence 


L9947 


- Us INCREASE ABOUE 8U, 
OUTPUTS AS BEFORE (AB) 


— Vs DROPED BELOW 8V, OUTPUT STATUS UD 


INPUT DATA LATCHED; 


— 


OUTPUTS STATUS MANTAINED AFTER CSN = 


DEVICE ACTIVATED: INPUT DATA TRANSFERED TO THE OUTPUTS; 
LEAVING OF THE STANDBY 


— STANDBY 


— POR STATUS, ALL OUTPUTS TRISTATE DUE TO CSN «= L 


Notes; 


N3S2L9947-84A 


: The same status as before the Vs was low 


Tristate 
: Undefined outputs OUT1-OUTS 
High or low 


SYSTEM STARTUP (figure 2) 


It is not mandatory that Vs is present before Vcc. 
With the presence of the Vcc the internal logic 
would be reseted and the system restarts under 
control of the inputs. If CSN = 0 for more than 
100us after the presence of Vcc the standby 
mode is activated. Standby is also activated when 
the CSN and VCC would be high at the same 


time. When CSN = 0 and Vcc goes up, the device 
is not controlled by the bus. The outputs remain in 
tristate but the current consumption is larger than 
100pA. A high - low - signal at the CSN - wire is 
mandatory to control the outputs. There is no 
undervoltage detection level for the supply volt- 
age VS implemented. The VCC should be sup- 
plied from the same voltage supply as the driver 
of the DO -D3 pins (eg. uC). 


LG SGS-THOMSON ee 
Sf MICROELECTROMICS 


417 


L9947 


DATA TRANSFER AND OUTPUTS ACTIVATING 
(Figure 3) 

The half bridges of OUT1, OUT2 and OUT3 can 
be used with OUT4 to drive three bidirectional 
motors in full bridge configuration as shown in 
fig.1 Only one motor can be driven in the same 
time. The uC writes the corresponding word 
status 1 till 10 at the bus and latch it with a low 
pulse in the L9947. So the motor is activated. To 
stop the motor it is useful to insert a braking 
phase (status 9). In the braking condition there 
are all low side DMOS of the half bridges 
Switched-on in this case the flyback currents flows 
through the low side switches instead of the intrin- 
sic diodes of the half bridges. After that, the half 
bridges could be switched in tristate (T). The high 
side driver, OUT5 can be switched only when all 


the half bridges are in tristate status 10. 

The uC works always as master and the L9947 
Power Interface as slave. That means: the uC 
starts the communication between the Power In- 
terface and itself with low transition at the CSN 
line. CSN = 0, R/WN= 0 the L9947 reads the data 
at the bus and execute the command as shown in 
tables 1,3,4 (write mode). The high slope of the 
CSN stores the last command and execute it fur- 
ther. All inputs are disabled if CSN= 1. 

So the bus can be used for another device. With 
CSN = 0 and R/WN = 1 the L9947 writes the 
status of the diagnostic at the parallel bus until 
CSN becomes high (table 2; status u + 15) (read 
mode). The power outputs maintain the same 
status as before. 


Figure 3: Signal sequence for data transfer to switch M1 right, read the output status, brake the motor 


and activate the standby mode. 


WRITE READ READ WRITE URITE 
(Standby) 
(Diagnostic) (Diagnostic) 
(M1 right] no no (Braking) (Standby) 
CSN failure failure 


Output activated 


N92L9947-85A 


Output in tristate., output voltage forced due to load connection 


— Output in tristate 


* High or low. the bus is free for the communication to other devices at the bus 


T Tristate, the bus isn't driven by any output 
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BUS TIMING (figure 4) 


The bus signal must be defined t3 = 1us before 
CSN goes low. It is allowed to change the level of 
R/WN during CSN = 0. The other signals could be 
changed. To store a command it is mandatory to 
fix the DO - D3 and MODE signals t9 = 1p1s before 
the positive edge of CSN. 


OVERCURRENT AT OUT1 - OUTS: 
The output currents of OUT1 - OUTS5 are inter- 
nally limited. This is realized in the following way: 


Figure 4: Bus and Outputs Timing Diagram 


When the output current reaches a certain level 
(see pag...) the Gate - Source voltage will be 
clamped to a lower level. The output current is 
now limited and follows the output ID, UDS char- 
acteristic for this Gate - Source voltage. An inter- 
nal timer starts when the output voltage drop 
(Drain - Source) increases above 0.4Vs. 

After 100us typ. the output is switched OFF and 
the corresponding overcurrent bit (OVC1 or 
OVC2) will be set. The outputs can be activated 
again with the next input data word. 


3 - = : trist 
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Note: ae OUTPUT VOLTAGE SLOPE IS INTERNALLY LIMITED 


O max 8.2V/us (NOT TESTED VALUE) 


TIMING CHARACTERISTICS 


té 
t7 
ts 
tg 


t1 and ts are derived from the internal oscillator frequency 


20 

| te | WidthofcsHigh tT 
|___ts___| Input Signals Before Negative Cdgeof CSN | tT 

| ta | Input Signals After PositiveEdgeof CSN | 

| ts | Valid DiagnostcData 

| te | ValidDiagnosticData Tt 
| ty___| Delay Time from Input to Power Output, vS=13V_ | 

| ts | CSN=Low Duration (Pulse Length) for CLEAR of latched Data | 100 | 
|__t2___| Input Data Before Positive Edge of CSN Which ShouldbeLatched | 1 | 


1 
1 


t7 varies with the supply voltage Vs, relating to the output voltage slope limitation 


(*) for t: > 100ps the latched data will be reseted due to CLEAR (status 20) 
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DIAGNOSTIC (TABLE 2; STATUS 11 - 15): 


The diagnostic delivers the information of the out- 
put voltage status (high or low) at the outputs 
OUT1 - OUT5, overcurrent, overvoltage shutdown 
and over temperature. The output voltage detec- 
tion is done by hysteresis comparators with thre- 
sholds at 0.4VS and 0.6 VS. The overcurrent 
(OVC) information is latched till a new or repeated 
write command was received. The OVC1 is set to 
high with the overcurrent condition at any of the 
half-bridge outputs. OVC2 error bit will be set with 
the overcurrent condition at OUT5. The overvolt- 
age (OVV) is high till the supply voltage Vs ex- 
ceeds the overvoltage threshold of 20V typ. 

The overtemperature (OT) is high if the junction 
temperature is less than typ. 30 Kevin below the 
thermal shutdown junction temperature (Tusb). 


DETECTION OF LOAD INTERRUPTION 
(TABLE 3): 


The outputs OUT1 - OUT4 are connected by the 
motors in the application. The output OUT4 can 
be switched as current source or sink with typ. 
140mA current capability (status 16 + 17). The 
sum of current consumption is <1mA if the output 
current lout4 = O (status 17). The diagnostic of 
the output voltage delivers the information if one 
or more of the half bridges is shorted to Vs or 
GND or the motor connections are interrupted. In 
status 18 the outputs OUT1 - OUTS are switched 
as current sinks (typ. 10mA), OUt4 and OUt5 as 
current sources (OUT4 140mA, OUT5 10mA). 
With this current the influence of leakage currents 
and oxidized contacts is eliminated. 


STANDBY (TABLE!; STATUS 2): 


The L9947 is set in standby mode with the posi- 
tive edge of CSN when all other inputs are low. 
All latched data will be cleared and the inputs and 
outputs are in tristate. 

The total current consumption is less than 100uA. 
CSN=0 quits the standby. All latched data are 
cleared. 


CLEAR (TABLE 4: STATUS 20): 


lf the chip select is low for ore than TCLR = 100us, 
the internal latched data will be cleared and the 
outputs become iristate. Repetitive high low 
edges activate the inputs again. Also a broken 
CSN-wire activates this clear function due to the 
internal pull down resistor at CSN input. After a 
clear, the L9947 goes in standby and can be 
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wake up with a negative edge of CSN. 


THERMAL SHUTDOWN: 


When the junction temperature increases above 
Tsp the power DMOS transistors are switched off 
until the junction temperature drops below the 
value TuSD - TJHYST. 


CLAMP CURRENT OF THE POWER OUTPUTS: 


For output voltages 10V and larger a clamp cur- 
rent of appr. 50uA will flow in the power outputs 
due to the internal gate-source voltage limitation, 
when the device is not in standby. 


OVERVOLTAGE SHUTDOWN: 


When the supply voltage VS exceeds the over- 
voltage threshold VsavtT, typ. 20V,the outputs 
OUT1 - OUT5 go in tristate condition. If the sup- 
ply voltage goes under the overvoltage shutdown 
treshold, the status is the same as before the 
overvoltage condition occurred. 


UNDERVOLTAGE: 


In the voltage range 2V <Vcc < 4V the internal 
logic is reseted and all outputs go in tristate. Also 
ground spikes on the Vcc reset the logic. After 
an internal reset of the logic, the L9947 is control- 
led again by the inputs. 


GROUND INTERRUPT: 


The L9947 is protected against interruption. The 
output OUt5 switches off at ground interruption. 
The outputs OUT1 - OUt4 are driven in full bridge 
configuration as shown in the application. There 
is no path through the load or direct to another 
ground. Thus, the device protected. 


Vec INTERRUPTION 


lf the supply voltage Vs is present and Vcc is in- 
terrupted or not supplied, than two cases can be 
distinguished: 

1 The data pins DO - D3 are not driven by the 
uC or they are low. So the outputs OUT1 - 
OUT5 and DO - D3 are in tristate. 

2 One of the pins DO - D3 is driven high the 
uC. This pin supplies the VCC pin by the 
drain-bulk-diode of the p-channel mos (fig.5). 
Depending of the CSN, R/WN and MODE in- 
puts some undesiderable functions can occur. 
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Figure 5: Supply Current Path at Vcc Interruption 
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DATA LINK CONTROLLER 
FOR VEHICLE AREA NETWORK 


Developped with GIE PSA RENAULT ADVANCE DATA 


a Multimaster contention-based bus data link 
controller 


=» Fully compliant to VAN _ Specification 
ISO/TC22/SC3/WG1 Revision 4.0 


«» Programmable bit coding: MANCHESTER-E 
plus extensions to support MANCHESTER-L 
and pulse coding 

a Supports all specified message types 

= Data Field length: 0 to 30 bytes 


s Programmable exchange speed up to 1.2 
Mbits/s 


s 16 maskable internal identifiers 
= 160 bytes User RAM 


» Bus access priority by message header buffer 
contents 


a Error handling and line diagnosis 
» VHDL model available 


u Flexible microcontroller interface: Motorola, 
Intel, Z-bus, multiplexed and non-multiplexed 


a Direct connection to ST9 microcontrollers 
» 6 to 16 I/O lines in 44-pin version. 


a 28 pin DIP and PSO (ST9560), 
44 pin PLCC (ST9561) packages available 


PLOC44 


(Ordering Information at the end of the Datasheet) 


August 1992 1/32 


This is advanced information on a new product now in development or undergoing evaluation Details are subject to change without iy tore 


ST9560 - ST9561 


Figure 1. ST9560 Pin Configuration Figure 2. ST9561 Pin Configuration 
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Figure 3. ST9560/ST9561 Block Diagram 
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GENERAL DESCRIPTION 


The ST9560 and ST9561 are integrated solutions 
to data-link control for the Vehicle Area Network 
(VAN) and are fully compliant to the standard 
ISO/TC22/SC3/WG1 Revision 4.0. Together witha 
microcontroller (MCU) and the appropriate line in- 
terface circuitry, the ST9560 and ST9561 provide 
complete functionality for the implementation of 
the VAN protocol in the DATA LINK LAYER and 
top level of the PHYSICAL layer of the OS! com- 
munications model. 


The ST9560 manages the transmission and the re- 
ception of VAN messages and also error handling 
(CRC, code violation detection, message frame 
check) and diagnosis. 


ST9560 - ST9561 


The ST9560 is the 28-pin stand alone version, in 
Plastic Dual in Line and the Plastic SO28 Wide 
package, whose MCU interface is tailored for 
microcontrollers such as ST9, ST10 or general 
purpose microcontrollers using a multiplexed 8-bit 
address/data bus. The ST9561 is the 44-pin PLCC 
version with a non-multiplexed bus supplementary 
capability and I/O port control. 

As the devices are fully compatible in their func- 
tionality, from this point on all references to the 
ST9560 refer to both the ST9560 and ST9561 un- 
less otherwise noted. 


The host MCU communicates with the ST9560 
through 4 32-byte static RAM buffers (one or two 
buffers for transmit data, 2 alternate use 32-byte 
receive buffers). 


Figure 4. ST9560 and ST9561 VAN-DLC Application Example 
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ST9560 - ST9561 


PIN DESCRIPTION 
Vpp. Main Power Supply Voltage (+5V +10%) 
Vss. Digital Circuit Ground 


XTAL1, XTAL2. These pins connect a parallel-res- 
onant crystal (30MHz maximum), or an external 
source to the on-chip clock oscillator and buffer. 
XTAL1 is the input of the oscillator and internal 
clock generator or external clock input if used; 
XTAL2 is the output of the oscillator. 


CK. Clock output (CK is XTAL1 buffered and is not 
affected by the RST input). 


MS1, MSO. Microcontroller Bus Mode select inputs 


Ce [mse [Move pe 
ce 
ee a 
a 


Z-bus like (ST9) 


CS. Chip Select input (active low) 

R/W. In Motorola and Z-bus modes, Read/Write 
input low = write from MCU). In Intel mode, Write 
Transfer synchronisation input (active low). 

DS. In Motorola and Z-bus modes, Data Strobe 
input. In Intel mode, Read Transfer synchronisa- 
tion input (active low). 

AS. Address Strobe input (active low in Z-bus 
mode, active high in Motorola and Intel modes) 
RST. Reset input (active low) 

IRQ. Interrupt output (push-pull, active low) 


ADO-AD7. Multiplexed Address/Data Bus. 
Data bus in non-multiplexed mode of ST9561. 


The ST9560 provides the following additional pins: 
RxD2, RxD1, RxDO. VAN bus Serial inputs from 
receiver device. 

TxD. Serial output. 

IER. Reset output for the VAN bus driver device. 


The following pins are available on the ST9561 
only. 

DIR/P1. Port 1 configuration 

When DIR/P1 = ‘0’, Port 1 is reconstructed. 

When DIR/P1 = ‘1’, Port 1 takes the Alternate VAN 
interface functions. 

This pin includes an internal pull up. 

TXD/P10. Serial output 

RXDO0/P11. VAN bus serial input 

RXD2/P12. VAN bus serial input 

RXD1/P13. VAN bus serial input 

CKBIT/P14. Sample clock bit of sampled data 
CKTS/P15. Time slot Clock 

CK16/P16. Foase Clock 

IER/P17. Reset output for bus driver 


DMX/PO. Port 0 configuration 

When DMX/P0O = ‘0’, Port 0 is used as address bus 
(non-multiplexed micro interface) 

DMxX/PO = ‘1’: Port 1 is reconstructed 

This pin includes an internal pull-up. 

P00O-P07. General Purpose 8-bit I/O port in stand- 
ard mode, Address Bus I/O in non-multiplexed 
mode. 

SERI. Serial output decoded VAN data. 

(IDEN, COM, DATA) 

ADE. When bit MASK of register MRR is set and 
ADE ='1’, the frame passes the acceptance filter. 
AKE. When bit MASK of register MRR is set and 
AKE =’1’ , an acknowledge is sent. 
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O.S.I. MODEL AND ST9560/61 


The Open System Interconnection model stand- 
ardized by ISO is subdivided into 7 functionnal 
layers. The scope of the VAN standard, as sub- 
mitted to ISO/TC22/SC3/WG1, is the Data Link 
and the Physical layers (see Figure 5). The Data 
Link layer is in turn subdivided into 2 sub-layers, 


ST9560 - ST9561 


the Medium Access Control (MAC) and the Logical 
Link Control (LLC). The ST9560/61 handles the 
MAC sub-layer and the upper part of the Physical 
layer (bit encoding/decoding). The LLC sub-layer 
and the upper layers of the OSI model are handled 
by the host processor software. 


Figure 5. VAN description according to the OSI model and scope of the ST9560/61 


Data-Link: - Logical Link Control (LLC): 


Host Application 
Software 


LLC - Point to point, multi-point and broadcast message 


MAC transfer 
- Acknowledge messages 
- Data link supervision 
- Restart upon error 
- Medium Access Control (MAC): 
- Acceptance filtering 
- Frame construction 
- LLC data encapsulation 
- Physical medium control 


Physical - Bit encoding and decoding 
- Bit synchronisation 
- Line interface circuitry 
- Connectors and physical medium 


OSI Model 


Host LLC Software layer 


Scope of the ST9560/61 
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FUNCTIONAL OVERVIEW 
The ST9560 


ST9560 is composed of nine major blocks: 
(see block diagram) 


- Memories (XBFO, XBF1, RBFO, RBF1, IDEN) 
- Micro interface with interrupt logic 


- Interface Management Logic (transmit and re- 
ceive) 


Bit Stream Processor (transmit and receive) - 
Transceiver Control Logic 


- Error Management Logic 

- Bit Timing Logic and clock circuitry 
- Diagnosis circuitry 

- |/O ports. 


Figure 6. Detailed Block Diagram 


* only available in 44-pin version 
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Memories 


The host MCU stores the frames to transmit in a 
32-byte static RAM used as a transmit buffer 
(XBFO or XBF1 according to user choice). Re- 
ceived frames are loaded by the ST9560 in a 
double 32-byte static RAM (RBFO and RBF1), 
transparently seen as only one buffer from the 
MCU interface (the user can select the first and the 
last transmit byte addresses, thus choosing the 
size of the data message). 

In addition to DATA memories containing the 
frame buffers, a 32-byte RAM (IDEN) containing 
up to 16 identifiers is provided. 

A set of 18 registers including status, command 
and identifier masks allows the host to manage the 
serial interface operation. 

For the ST9561, another set of 6 registers allows 
the host the control of two 8-bit (maximum size) 1/O 
ports. 


P1,0-P1,7. 
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FUNCTIONAL OVERVIEW (Continued) 


ST9560 Micro Interface 
Two versions are provided: 


- a 28-pin stand alone version (ST9560), whose 
micro interface is tailored for micro such as 
ST9, ST10 or general purpose microcontrollers 
using a multiplexed 8-bit address/data bus. 
The host communicates with ST9560 with 32- 
byte ram buffers (one or two buffers for trans- 
mit data, 2 alternate-use 32-byte receive 
buffers), 


- a 44-pin version (ST9561) with non-multiplexed 
bus supplementary capability for host proces- 
sors with non-multiplexed buses and I/O port 
control. 


Direct interface to three popular MCU buses is 
configurable by two mode select lines, MSO and 
MS1. These lines are to be hardwired to a logic one 
or zero in the application circuit to suit the bus con- 
figuration of the host. 


Interface Management Logic 


The interface management executes commands 
from the host and controls the datatransfers on the 
serial bus. 


Control, status and interrupt registers are used by 
the interface management. 


Bit Stream Processor (BSP) 


The bit stream processor controls the data stream 
between the interface (parallel data) and the serial 
bus. 


A 32-byte identifier RAM contains up to 16 ident- 
ifiers. When a message is received, the bit stream 
processor reads the identifiers loaded in RAM and 
performs the acceptance filter function. The identi- 
fier, command and data field are stored in RAM 
only if the message has an identifier which passes 
the acceptance filter. 

The processor controls reception, arbitration, 
transmission and error signalling. The ST9560 
cannot transmit in-frame responses. 


Timing Logic 


This block performs the synchronization functions 
according to the VAN specification. Each data bit is 
encoded and decoded according to its time slot 
representation. The rules of synchronization de- 
pend on the received signal. 


Transceiver Control Logic 


This block consists of bit coding/decoding accord- 
ing to the programmed type of encoding. 


$1T9560 - ST9561 


Error Management Logic 


The different types of error (monitoring, CRC, code 
violation) are reported by the Bit Stream Processor 
and are passed to the interrupt management logic. 
Diagnosis 

This block monitors the states of the TXD and the 
three RxDi inputs (i = 0-2) and processes the sam- 
pled data in order to diagnose any potential VAN 
bus defects. 

According to user choice (as under program con- 
trol) degraded transmission modes can be chosen. 


The three RxDi inputs provide different information 
on the VAN bus. RxDO give the true differential 
logical information. RxD1 and RxD2 provide logical 
information from each of the two bus wires (using a 
threshold operation). The diagnosis logic performs 
the following functions. 


- Digital filtering (on successive samples) in 
order to eliminate noise spikes. 


- Transition analysis (synchronous, 
chronous protocol). 


- Decision logic in order to select (automatically 
or not) a degraded mode (monofilar) or to de- 
tect that transmission is impossible and to go 
back to the normal differential mode using the 
TOP DIAG clock. 


Control and status bits are provided to manage the 
operation of the diagnosis logic. 


Clock Generator 


The on-chip clock generator consists of an oscilla- 
tor and clock divider register. The buffered output 
of the oscillator is passed through the CK pin. The 
optimum use of this signal is to drive the oscillator 
of the host MCU, reducing the need for a second 
oscillator circuit. 


1/O Ports 


The ST9561, 44-pin version, contains two addi- 
tional standard 8-bit I/O ports. 


Port 0 can be used as a standard I/O port when the 
multiplexed bus is used, allowing recreation of the 
host port used for the 9560 interface, or as the LSB 
byte address inputs AO-A7 if the non-multiplexed 
mode is selected. 


Port 1 can be used as a standard 8-bit I/O port, or 
to output the VAN interface signals. 


The ST9567 I/O ports are controlled via data regis- 
ters (one per port) and configuration registers (two 
per port). 
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ka SGS-THOMSON 7132 
S/A MICROELECTRONICS 


429 


ST9560 - ST9561 


VAN OVERVIEW 


In order to better understand the function of the 
ST9560, a short description of the relevant parts of 
the VAN protocol is provided here. 


The VAN bus. 


The VAN protocol implemented in the ST9560 is a 
superset of the standard ISO/TC22/SC3/WGi ver- 
sion 4.0 and uses an access method which is multi- 
access based on non-destructive collision with 
bit-wise arbitration. All data is transferred inside 
frames. 


Two consecutive frames are separated by an Inter- 
Frame Space. The ST9560 can send an in-frame 
request and process the in-frame response from 
another device, the ST9560 can not itself send an 
in-frame response. 

VAN bus logical levels 


The serial bus has two states: recessive and 
DOMINANT. 


If two (or more) VAN modules send simulta- 
neously, the resulting state of the bus is RE- 
CESSIVE only if all transmitters send recessive 
bits at the same time. 


If one (or more) transmit dominant states, the re- 
sulting state of the bus will be DOMINANT. 


Inside the ST9560 a dominant bit is represented by 
a logical ‘0’ and a recessive bit by a logical ‘1’. 


CODING / DECODING 


Two types of encoding can be programmed by the 
host (Mode Control Register): 


- MANCHESTER_L 


- ENHANCED MANCHESTER 
(MANCHESTER-E) 


Each of these two encoding modes can be com- 
bined with two time slot encoding modes: 


- standard VAN (e.g. wire-based applications) 
- pulsed (e.g. Optical based applications) 


The base clock Fhase is obtained from the local 
clock oscillator after user-programmable division. 


The bit is encoded and decoded according to its 
time slot representation. 


The Time Slot is the time duration of 16 Fbase 
periods 


TIME-SLOT in VAN STANDARD coding 

In this type of coding a logical ‘0’ is represented by 
a low state during the whole time-slot and a logical 
‘1’ by a high state during the whole time-slot. 
TIME-SLOT in PULSE encoding: 

In this type of coding, a logical ‘0’ is represented by 
a low state during the first 1/8th of the time slot (2 
periods of Fpase). 


A logical ‘1’ is represented by a high state during 
the whole time slot. 


Bit synchronisation 


The synchronisation rule is based on the received 
signal edges and is the same for all the modules. 
During the sending of the preamble the synchroni- 
sation rule is disabled. 


The 3 main points of time slot are: 


- resynchronisation point (located at 2/16 of time 
slot duration in standard mode, at 4/16 of time 
slot duration in pulsed mode) 


- sample point (located at 11/16 of time slot dur- 
ation). 


- transmit point. 
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Figure 7. Time slot reprsentation in VAN standard coding and pulse coding 
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Figure 8. Time slot timing in VAN standard coding and pulse coding 
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VAN OVERVIEW (Continued) 
Bit Representation 
BIT REPRESENTATION in MANCHESTER _L: 


- a logical ‘1’ is coded as a ‘1’ state during one 
time slot followed by a ‘0’ state during one time 
slot. 

- a logical ‘0’ is coded as a ‘0’ state during one 
time slot followed by a ‘1’ state during one time 
slot. 


As a consequence, 2 time slots are necessary to 
encode one bit. 


Figure 9. Bit Representation in Manchester L 
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BIT REPRESENTATION in MANCHESTER_E: 

In this type of coding, bits are not coded individ- 

ually but by nibble; 4 bits being encoded with 5 time 

slots. 

- The three first bits are NRZ coded and the last 
bit of the nibble is MANCHESTER_L encoded. 


As a consequence, a 1.25 time slot average is 
necessary to encode one bit. 
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VAN OVERVIEW (Continued) 


DESCRIPTION OF VAN FRAMES 
Data Frames 


Each frame is formed in a single format and is com- 
posed of following fields: 


Start Of Message, Identifier, Command, Data, 
Frame Check Sequence, End Of Data, Acknow- 
ledge, End Of Message. 

1) SOF: Start Of Frame 

The Start Of Frame delimiter marks the beginning 


of the frame and allows synchronization for recep- 
tion. 


SOF is made of a preamble and a start bit. The pre- 
amble gives a common time reference for clock 
error confinement while the start bit initializes the 
frame. 


SOF must be preceded by the IFS field (4 re- 
cessive time-slots). 


The Preamble comprises of 4 dominant time slots 
followed by 4 recessive time slots. 


The Start bit comprises of 1 dominant time slot fol- 
lowed by 1 recessive time slot. 


2) ID: IDentifier: The identifier is a 12-bit field used 
to specify the frame’s identification. 


The identifier of a frame to be transmitted is pro- 
vided by the host. 


3) COM: COMmand: 
This is a 4-bit field whose meaning is as follows: 


Table 1. Command Field Description 


| fm [me | meaning 
Reserved for future 

ect] 1 | [Siero 

RAK 1 1 | acknowledge request 
0 0 | acknowledge not requested 

RAW 0 1 read request 

1 0 | write request 

RTR 0 0 | datatransmission 
1 1 | remote transmission request 

Note’ 


ML: MANCHESTER_L encoding 
ME: MANCHESTER_Enhanced encoding 
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- EXTension: a reserved bit set to ‘1’ (recessive 
state) 


- RAK: Request AcKnowledge: this bit deter- 
mines whether the sending module requests 
that a receiver module acknowledges success- 
ful reception of the frame. 


RAK = ‘1’: acknowledgement is requested 
RAK = ‘0’: acknowledgement is not requested 


- R/W: this bit indicates whether the frame sent 
is a write or a read request 


- RTR: Remote Transmit Request 


If the bit is ‘0’, the frame sent contains LLC-level 
data. If the bit is ‘1’, the frame contains no data, 
and is interpreted as an in-frame request to send. 


4) DATA field: the data field consists of a sequence 
having a whole number of bytes. The content of 
this field is provided by the LLC sublayer. 


5) FCS: Frame Check Sequence 


CRC (Cyclic Redundancy Check) is used in the re- 
ceive and transmit procedures to detect any indi- 
vidual errors or packet errors. 


The FCS field is a 15-bit field containing check bits. 


The encoding is defined by the polynomial gener- 
ator: 


x15 ie “all a x10 


$d eX SOHC BHC aA. 
The CRC calculation includes the identification, 
command and data fields. 


In transmit mode, the data bits are subjected to an 
encoding process, which is equivalent to division 
by the polynomial generator. The remainder ob- 
tained (ones complemented) is sent on the bus im- 
mediately after the data, in decreasing order of 
terms. 


6) EOD: End Of Data 

This field marks the end of the fields transmitted by 
the sender, i.e the following fields: identifier, com- 
mand, LLC data, and FCS fields. It therefore deter- 
mines the length of LLC data sent in the frame. 
This field is made of two consecutive dominant 
time slots. 


7) ACK ACKnowledge 


- positive acknowledge consists of one recessive 
time slot followed by a dominant time slot. 


- absent acknowledge consists of two consecu- 
tive recessive time slots. 


8) EOF End Of Frame marks the end of the frame. 
It consists of eight consecutive recessive bits. 
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VAN OVERVIEW (Continued) 


Figure 11. VAN frame structure 


Note: IDEN, COM, DATA (if any) and FCS fields are transmitted MSB first 


[sor | WwEN | com | DATAteptonay | Fos | EoD [AG [ EOF 


Order of Transmission 


IDEN: The Identifier field is a 12-bit word used to specify the frame identification 


pis | ho | | | | tw |b | ow | we foe Pe | 


+ first transmitted bit t__ last transmitted bit 


COM: The Command field is a 4-bit word 


| first transmitted bit last transmitted bit 


FCS: The Frame Check Sequence is a 15-bit CRC value 


re [Fs[Fa lo [Fol [ee [eel ele | P 


t_ first transmitted bit t__ last transmitted bit 


Figure 12. VAN Frame field signal coding 
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VAN OVERVIEW (Continued) 


ARBITRATION 


In the case where two or more ST9560s start 
transmission concurrently, the bus access conflict 
is solved by a bit-wise arbitration method. The 
transmit logic compares the bit level transmitted to 
the bit level monitored on the bus. The transmit 
logic stops transmission if a recessive bit was sent 
and a dominant bit was monitored. This method 
guarantees transmission of the message with the 
highest priority even if there is a collision without 
loss of time. 


As aresult the identifier not only indicates the des- 
tination of the message but also its priority. 


In case of loss of arbitration, the ST9560 continues 
to monitor the bus and when the bus is free, it tries 
again to send the message. 


The arbitration process described above covers 
the fields: 


- IDEN, COM, DATA, FCS 


The halting of transmission in the case of a loss of 
arbitration does not stop the reception process, 
allowing the in-frame response mechanism to 
operate. 


Figure 13. In-frame response description 


Emitting module 
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Request/Response Frames 
ST9560 is able to send request/response frames. 


Such a frame is characterized by a data field of 
zero length, and by a command field for which the 
R/W and RTR bits have the following values: 


R/W designates a read mode. 
RTR is specified as remote request. 


In the event of an in-frame response, the initiator 
sends the frame part including IDENTIFIER and 
COMMAND fields. 


The response part of frame generated by the 

polled answering module, contains the following 

fields: 

- a dominant RTR bit whose value is superim- 
posed on the recessive bit of the request. 

- adata field 

- an FCS sequence 


Superposition of the two parts of the frame (re- 
quest and in-frame response) gives a frame on the 
bus which has a structure in compliance with the 
general frame structure. 


The ST9560 cannot send in-frame responses. 


RTR = recessive 


RTR = dominant 


Receiving Module 


Resulting frame on the network 


RTR = dominant 


SOF 
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VAN OVERVIEW (Continued) 


ERROR HANDLING 
Error Detection 


The ST9560 is equipped with several error mech- 
anisms, implemented in hardware for efficiency 


Note: Receive errors are reported only if the frame 
identifier is accepted. 

Coherence of Reception Error 

This error corresponds to the detection of an inco- 
herence between the three receive inputs. 

Code Violation Error 


An error is detected on one of the bits of the binary 
or data fields of the frame (IDEN, COM, DAT, 
FCS). 


This type of error occurs when the time between 
two transitions is less than 12/16 of time slot dura- 
tion. 


If such an error is detected during transmission, 
then bit TCVL of the Error Transmit Register ts set. 


lf such an error is detected during reception of a 
message having passed the acceptance filter, bit 
RCVL of the Error Receive Register is set. 


CRC Error 


A Cyclic Redundancy Check is used in the transmit 
and receive procedures to detect any individual or 
packet errors in the messages transmitted. 


The FCS is a 15-bit field, the remainder of the divi- 
sion by the generator polynomial: 


10 9 8 7 4 3 


xa ty RO KO! IC EEC SICH 


The CRC calculation is made on the fields: 
- IDEN, COM, DATA 


Figure 14. Line-Interface Diagnosis Schematic 


ANALOG 
FILTER 


VAN BUS 


In transmit mode the FCS field is sent onto the line 
immediately after the data bits. 


The receiver computes the CRC again. If both 
CRC, transmitted and computed by the receiver 
are different, an error has occured. 


lf such an error is detected during transmission, bit 
TCRC of the Error Transmit Register is set. 


If such an error is detected during reception of a 
message having passed the acceptance filter, bit 
TCRC of the Error Receive Register is set. 


DIAGNOSIS 


The three RxDi inputs provide three different infor- 
mation states on the bus. RxDO gives the true dif- 
ferential logical information. RxD1 and RxD2 
provide logical information from each of the two 
bus wires (with a threshold operation). 


The diagnosis block logic performs the following 
functions: 


- digital filtering (on 5 successive samples) in 
order to eliminate spikes 


- transition analysis (synchronous, 
chronous, transmit, protocol) 


- decision logic in order to select (automatically 
or not) a degraded mode (monofilar) or to de- 
tect that transmission is impossible and when 
to go back to the normal differential mode with 
the help of the TOP DIAG ‘clock’. 


Control and status bits are provided to manage the 
operation of the diagnosis logic. 


asyn- 
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ST9560 MICRO INTERFACE 


Two ST9560 versions are provided, both having 
the same VAN controller core and different micro 
interface. 


A first version, a 28-pin one, is the stand alone ver- 
sion which is able to interface with different micropro- 
cessors such as ST9 and other general purpose 
microcontrollers such as Motorola 68HC11 or Intel 
8051. 


Figure 15. Micro Interface Schematics 
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It uses an 8-bit address/data bus multiplexed and sev- 
eral control lines (ALE, RD or DS, WR or RW, CS) and 
system lines (RST, IRQ). 


A second version, a 44-pin one, is also available 
offering a multiplexed/non-multiplexed bus selec- 
tion. The remaining pins are used as standard I/O 
pins which can be configured as standard |/O’s or 
alternate function outputs. 


NON-—MULTIPLEXED 
INTEL BUS 


VROO1737 
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FUNCTIONAL DESCRIPTION 
Memory Mapping 


The 160 bytes of on-chip RAM is divided into three 
areas: 


- 2x 32-byte receive buffers. Both of these buf- 
fers are located at the same logical addresses 
from address 32 (20h) to address 63 (3Fh). 


- 2x 32-byte transmit buffers. The buffers are lo- 
cated from address 64 (40h) to address 95 
(5Fh) for transmit buffer 1 and from address 96 
(60h) to 127 (7Fh) for transmit buffer 0. Only 
one buffer is used at any time and is user se- 
lectable. This allows the precreation of certain 
messages, perhaps error or warning frames, 
held in one transmit buffer until needed, the 
second buffer being used for normal transmit 
functions. 


- 32-byte identifier buffer. This buffer is located 
at the same addresses as the receive buffers. 


Command and status registers are located from 
address 0 to 19 (13h). 
Locations 20 to 23 are not used (13h to 17h). 


The locations 24 to 31 hold the I/O port registers of 
the ST9561 (14h to 1Fh). These addresses must 
not be used in the ST9560. 


ST9560 Memory mapping 


Address (hex) 
7F 


5F 


Transmit Buffer 0 
XBFO 


Transmit Buffer 1 
XBF1 


40 


Identifiers/ 
Receive Buffer 
IBUF/RBUFO/1 


I/O Control Registers 
(ST9561 only) 


Reserved 


Control/Status 
Registers 


16/32 


Control and Status Registers 


18 registers, located at lowest addresses, both 
command and status, are provided for manage- 
ment of ST9560: 


All unused address locations are reserved for fu- 
ture use. 


Table 2. Registers 


Register/Function Address 


General Purpose 


System Contro! Register SCR 00h 
Mode Control Register MCR 
Physical Control Register PCR 


Interrupt registers 


Enable Interrupt Register EIR 
Status Interrupt Register SIR 06h 
Reset Interrupt Register RIR 07h 


Receive Registers 


Mode Received Register MRR 08h 


Status Received Register 1 SRR1 09h 
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0 
Error Received Register ERR OBh 


Mask Registers 
MSB of Mask 0 MSBMO OCh 


ODh 


OEh 
OFh 


Status Transmit Register STR 


Error Transmit Register ETR 13h 
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FUNCTIONAL DECRIPTION (Continued) 


SCR System Control Register 
address 00h (read/write register) 


7 0 


b7 = ABORT. This bit has no action when = ‘0’, 
when set to ‘1’ transmission is stopped after the 
end of the current transmission if transmitting a 
frame or immediately if not. This bit is identical in 
function to ABORT1 in CTR and is logically OR’ed 
with it. 

b6 = RESET. Setting this level-sensitive bit to ‘1’ 
generates an internal hardware reset of the 
519560, equivalent to the low state on the hard- 
ware RST pin. 


All bits of control registers are set to ‘0’, with the ex- 
ception of the INIT and TI interrupts which must be 
cleared before starting initalisation and communi- 
cation. The contents of the RAM buffers are un- 
defined and should be initialised by the host MCU. 
POC1, PiC1, POD and P1D registers are set to 
“FFh”. 

This bit has no action when = ‘0’. 


b5-b4 = RESERVED 


b3-b0 = M3,M2,M1,M0. Mode select The bits in 
this field set the type of coding used for trans- 
mission and reception as shown in table 4. 

The VAN standard coding is intended for wire 
transmission and the pulse coding is adapted to 
fibre-optic transmission. 


NOTE: The reserved bits of read/write or 
write-only registers should be forced to 0. 
These bits are shown as RESERVED in 
the register descriptions. 
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MCR Mode Control Register - 
address 01h (read/write register) 


7 0 
PRESC TDDIV2 | TDDIV1 | TDDIVO | TDIAG 


b7 = PRESC. Prescaler When this bit is ‘0’, the 1/3 
prescaler is disabled, setting this bit to ‘1’ enables 
the 1/3 prescaler (see Figure 21). 


b6-b4 = CD2, CD1, CDO. Clock Divider These 3 
bits set the division ratio of the oscillator clock 
divider to generate the Fgase clock. They are 
coded as log2 (CD2-CD0) as shown in Table 3. 


b3-b1 = TDDIV2-TDDIVO. Top Diag Divider. These 
3 bits are written by the host to define the period of 
the TOP DIAG clock used in line diagnosis. The bit 
clock is divided in order to generate TOP DIAG 
clock. 

The division rate depends of TDDIV2, TDDIV1, 
TDDIVO value as shown in Table 5. 


bO = TDIAG. Top Diag When TOP DIAG is set to 
‘1’ by the host, a pulse is generated into the line di- 
agnosis part. This pulse is used to generate an in- 
ternal clock (FMS). In a period between 2 TOP 
DIAG pulses, every module able to transmit a 
frame should have transmitted a minimum of one 
frame. If no response is detected within this time, 
the network may have a major problem. 


Table 3. Clock Divider Ratio (CDDIV) 
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FUNCTIONAL DECRIPTION (Continued) 


Table 4. Line Interface Mode select 


Type Of Coding 
L-MANCHESTER (standard) 


E-MANCHESTER (pulse 


Note: All other combinations are reserved for future types of communication 


Table 5. Top Diagnostic Clock divider 


Te | tomce® 
es 
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, 


Notes: 1. These periods are calculated for E-MANCHESTER coding with a 100 kT/s rate 
2 Direct TOP DIAG Pulse 


Frequency Division 
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FUNCTIONAL DECRIPTION (Continued) 


PCR Physical layer Control Register 
address 04h (read/write register) 


SIR Status Interrupt Register 
address 06h (read-only register) 


7 0 7 0 
Teocmu[ er [ws Pas [ms [ om [oo] [ro [or = z 


b7 = TPOL. Transmit Polarity In order to accomo- 
date line interfaces which change the polarity of 
the transmission, this bit allows the automatic in- 
version of the data transmitted by the TxD pin. 
When TPOL = ‘0’ TxD has standard polarity (domi- 
nant = ‘0’, recessive = ‘1’), when TPOL = ‘1’ TxD 
has the inverse polarity (dominant = ‘1’, recessive 
= ‘0’). 

b6 = RPOL. Receive Polarity This bit controls the 
polarity of the three RxDi inputs. 

When RPOL = ‘0’ the RxDi inputs have direct po- 
larity, when RPOL = ‘1’ they have inverse polarity. 


b5 = IER. Line Tranceiver Reset This bit sets the 
logic state of the output pin IER. It may be used as 
the reset signal to the external line circuitry. 


b4-b2 = RESERVED 
b1-b0 = RX1, RX0. Receiver Input Select 


prt | peo | Function 
| 9 | 0 | RxD0selectedasserialinout 
| 0 | + | RxDiselectedasserialinout 
| 1 | 0 | Rrb2sclectedasserialineut 


EIR Enable Interrupt Register 
address 05h (read/write register) 


7 0 


[oe [oes [re [ws [ve [me [ove | ne 


All bits are active high to enable the interrupt. 


b7 = GIE. Global Interrupt Enable. All interrupt en- 
able bits are OR’ed with GIE. 


b6 = RESERVED 

b5 = FTIE. Failed Transmit Interrupt Enable 
b4 = RESERVED 

b3 = TBEIE. Transmit Interrupt Enable 

b2 = FRIE. Failed Receive Interrupt Enable 
b1 = OVIE. Overrun Interrupt Enable 

bO = RIE. Receiver Interrupt Enable 


ky SGS-THOMSON 


All bits are active high. To clear a set interrupt 
status bit, it is necessary to write a ‘1’ to the corre- 
sponding bit in the Reset Interrupt Register RIR. 


b7 = IRQ. Interrupt (logical OR of the 6 interrupt 
sources) 


b6 = INIT. /nitialisation Interrupt. This bit is set to ‘1’ 
on RESET (internal or external). It must be cleared 
by writing to the corresponding bit in RIR at the be- 
ginning of the host initialisation of the ST9560. 


b5 = FTI. Failed Transmit Interrupt. An error in a 
frame being transmitted will set this bit. This error 
can be: 


- discrepancy between RxDO, RxD1 and RxD2, 
- CRC error, 

- code violation 

as indicated in Error Transmit Register ETR. 

b4 = RESERVED 


b3 = TBEI. Transmit Buffer Empty Interrupt After a 
frame has been successfully transmitted, this bit is 
set to indicate completion and the transmit buffer 
selected is available for another message. 

This bit is set to ‘1’ on RESET (internal or external). 
It must be cleared by writing to the corresponding 
bit in RIR at the beginning of the host initialisation 
of the ST9560. 


b2 = FRI. Failed Receive. An error causing a failure 
to make a valid reception of a frame will set this bit. 
The specific errors are flagged in the Error Receive 
Register ERR. 


b1 = OVI. Overrun. This flag is set when the 2 re- 
ceive buffers are filled with accepted incoming 
frames and a third incoming frame has passed the 
acceptance filter before the host has released a re- 
ceive buffer. 


b0 = RDAI. Receive Data Available. This bit is set 
when an accepted incoming frame is available in a 
receive buffer. To release the buffer the host has to 
read the message contents and to clear RDAI by 
setting the RDAIC bit of the Reset Interrupt Regis- 
ter RIR to ‘1’. 
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FUNCTIONAL DECRIPTION (Continued) 


RIR Reset Interrupt Register 
address 07h (write-only register) 


7 0 


Interrupts are cleared one Fpase cycle time after 
the corresponding bit in this register is set to ‘1’. 


b7 = RESERVED 

b6 = INITC. Clear Init Interrupt 

b5 = FTIC. Clear Failed Transmit Interrupt 
b4 = RESERVED 

b3 = TIC. Clear Transmit Interrupt 

b2 = FRIC. Clear Fail Receive Interrupt 

b1 = OVIC. Clear Overrun Interrupt 


bO = RDAIC. Clear Receive Data Available Inter- 
rupt 


MMR Mode Receive Register 
address 08h (read/write register) 


7 0 


[ox [oes [ow [oes [ms [res [oes [as 


b7 = BA. Buffer Access This bit controls the host 
access to the two parallel 32byte RAM areas hold- 
ing the identifiers and the receive buffer between 
addresses 20h and 2Fh as shown in Table 6. 


b6 = RESERVED 


b5 = MF. Mask Filter If an external acceptance 
identifier filter is used with the additional signals 
ADE and AKE available with the ST9561, this bit 
disables the internal filtering. 

b5 = ‘0’ normal mode 

b5 = ‘1’ every identifier on the VAN bus is recog- 
nized by the ST9561 when ADE = ‘1’ (frames with 
RAK = ‘1’ correctly received are acknowledged) 
Note: The ADE input is not externally available for 
the ST9560 and the ADE input is always pulled 
high, thus setting the MF bit of the ST9560 will 
cause all incoming frames to be accepted. 


b4-b0 = RESERVED 
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SRR1 Status Receive Register 1 
address 09h (read-only register) 


7 0 
Poon Poss es [es [oe [ve [ow Do 


b7 = RDA. Receive Data Available When set to ‘1’, 
this bit indicates a received frame is available in the 
receive buffer. 

b6-b4 = RESERVED 

b3-b0 = IN3-INO. /dentifier Number (b3 = MSB) 
Filtered identifier index number into the Identifier 
RAM. This value is used by the host MCU as the 
index to the identifier in the RAM which has 
matched (after masking) the identifier field of the 
incoming frame. The identifier number is based 
upon the user allocation of the 16 identifiers in the 
Identifier RAM. 


SRR2 Status Receive Register 2 
address OAh (read-only register) 


7 0 
LRBP4 } LRBP3 | LRBP2 | LRBP1 | LRBPO 


b7 = RDA1 This bit has the same meaning as RDA 
in SRR1. 


b6-b5 = RESERVED 


b4-b0 = LRBP4-LRBPO. Last Received Byte 
Pointer (b4 = MSB) This field is programmed by the 
ST9560 to indicate the address of the last byte re- 
ceived in the receive buffer. This provides the 
message length. 


Table 6. Buffer Access Bit 


Host Read Host Write 
20h-2Fh 20h-2Fh 
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FUNCTIONAL DECRIPTION (Continued) 


ERR Error Received Register 
address OBh (read-only register) 


7 0 


All bits of this register are active high. They are 
reset when clearing the Failed Receive Interrupt 
(FRI of SIR) by writing a ‘1’ to FRIC of RIR. 


b7 = RF. Receive Failure This bit indicates (when 
set) that the last reception has failed, causing a 
Failed Receive interrupt request. 


b6 = OVR. Overrun This flag is set when the 2 re- 
ceive buffers are filled with accepted incoming 
frames and a third incoming frame has passed the 
acceptance filter before the host has released a re- 
ceive buffer. This is physically the same bit as OVI 
in SIR. 


b5 = RCVL. Receive Code Violation This bit indi- 
cates (when set) that a code violation has been de- 
tected during reception. A code violation can be an 
incorrect SOF pattern or an incorrect Manchester 
bit. 

b4 = RESERVED 


b3 = RCRC. Receive CRC Error This bit indicates 
(when set) that a CRC error has been detected 
during reception. 


b2-b1 = RDS1, RDSO Receive Data Status 


bO = RVP Receive Physical Violation This bit indi- 
cates (when set) that an incoherence has been de- 
tected between RxDO, RxD1 and RxD2 during 
reception. 
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MSBMO0 MSB Mask Register 0 
address 0Ch (read/write register) 


7 0 
MSKO0.11]MSKO0.10} MSKO 9 | MSKO 8 | MSKO 7 | MSKO 6 | MSKO 5 | MSKO 4 


b7-b0 = MSK0.11-MSK0.4 MSB of MASKO 


LSBMO LSB Mask Register 0 
address ODh (read/write register) 


7 0 


b7-b4 = MSK0.3-MSKO.0 LS Bits of MASK 0 
b3-0 = RESERVED 


Each bit set to ‘1’ in Mask register 0 enables the 
comparison of the corresponding bit of the re- 
ceived message identifier to the corresponding bits 
in the identifiers in the identifier RAM when the 
ST9560 performs the internal message accept- 
ance filtering function. 

Mask 0 is selected by bits RCM1 = ‘0’ and RCMO = 
‘1’ for each identifier. 


MSBM1 MSB Mask Register 1 
address OEh (read/write register) 


7 0 
MSK1 11)/MSK1.10} MSK1 9 | MSK1.8| MSK1 7 | MSK1.6/ MSK1 5 | MSK1 4 


b7-b0 = MSK1.11-MSK1.4. MSB of MASK 1 


LSBM1 LSB Mask REGISTER 1 
address OFh (read/write register) 


7 0 


b7-b4 = MSK1.3-MSK1.0. LS Bits of MASK 1 
b3-b0 = RESERVED 


Each bit set to ‘1’ in Mask register 1 enables the 
comparison of the corresponding bit of the re- 
ceived message identifier to the corresponding bits 
in the identifiers in the identifier RAM when the 
ST9560 performs the internal message accept- 
ance filtering function. 

Mask 1 is selected by bits RCM1 = ‘1’ and RCMO = 
‘0’ for each identifier. 
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FUNCTIONAL DECRIPTION (Continued) 


MTR Mode Transmit Register 
address 10h (read/write register) 


Z 0 


b7 = RANK. VAN Rank Select When the ST9560 is 
configured in the with RANK = ‘0’, it is a VAN au- 
tonomous module and can transmit (if the RTS bit 
is set) as soon as the bus is free. 

When the ST9560 is configured with RANK = ‘1’, it 
is a VAN synchronous access module and can 
transmit only if a Start Of Frame generated by an- 
other module is detected on the network. 


b6 = RESERVED 


b5 = BUF. Transmit Buffer Select When BUF = ‘0’, 
Transmit buffer 0 (XBFO) is used 
When BUF = ‘1’, Transmit buffer 1 (XBF1) is used 


b4-b0 = FTBP4-FTBPO. First Transmit Byte 
Pointer This field is programmed by the host MCU 
to select the first byte to transmit in the selected 
Transmit buffer. Once transmission commences, 
the data to send will be taken from the buffer at in- 
crementing addresses until the address is equal to 
the Last Transmit Byte pointer in the CTR register. 
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CTR Control Transmit Register 
address 11h (read/write register) 


i 0 


rts fasorti] RES | LTB4 | LTB3 | LTB2 | LTBi | LTBO 


b7 = RTS. Request To Send When RTS is set by 
the host, the ST9560 commences the transmission 
of a frame according to the setting of MTR and 
CTR. 


b6=ABORT1. Abort’ Transmission When 
ABORT‘1 is set to ‘1’ by the host, it stops trans- 
mission after the end of the current transmission if 
transmitting a frame, immediately if not. This is 
identical in function to the ABORT bit of SCR. 


b5 = RESERVED 


b4-b0 = LTBP4-LTBPO. Last Transmit Byte 
Pointer b4 is MSB. This field is programmed by the 
host MCU to select the last byte to transmit in the 
selected Transmit buffer. Once transmission com- 
mences, the data to send will be taken from the 
buffer at incrementing addresses, starting from the 
address programmed into FTBR, until the address 
is equal to the Last Transmit Byte pointer in the 
CTR register. 
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FUNCTIONAL DECRIPTION (Continued) 


STR Status Transmit Register 
address 12h (read-only register) 


7 0 


b7 = TBA Transmit Buffer Available. The host MCU 
may write into the XBF selected by the BUF bit of 
MTR when TBA = ‘1’. 

When TBA = ‘0’ the host must not write to the se- 
lected XBF as it is being used by the transmit logic. 


TBA is set to ‘1’ when the buffer has been trans- 
mitted successfully (Tl interrupt) and is reset to ‘0’ 
when the host starts a transmission by setting the 
relevant parameters:in CTR and MTR. 


b6 = RESERVED 


b5 = SBUF Transmit Buffer Selected The Status in- 
formation is associated to XBF selected by the 
BUF bit of MTR. 

When SBUF = ‘0’ the status is associated to XBFO. 
When SBUF = ‘1’ the status is associated to XBF1. 


b4-b0 = CTBP4-CTBPO. Current Transmit Byte 
Pointerb4 is MSB. This field is programmed by the 
ST9560 to indicate the address within the transmit 
buffer of the current byte being transmitted. 
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ETR Error Transmit Register 
address 13h (read-only register) 


7 0 


All bits in this register are active high. They are 
reset when clearing the Failed Transmit Interrupt 
(FTI of SIR) by writing a ‘1’ to FTIC of RIR. 

b7 = FTA. Failed Transmission Alert This bit indi- 
cates (when set) that last transmission has failed, 
causing a Failed Transmit interrupt request. 

b6 = RESERVED 


b5 = TCVL. Transmit Code Violation This bit indi- 
cates (when set) that a code violation has occured 
during transmission of the XBF in use. A code viol- 
ation can be an incorrect SOF pattern or an incor- 
rect Manchester bit. 


b4 = RESERVED 


bit 3 = TCRC. Transmit CRC Error This bit indi- 
cates (when set) that a CRC error has occured dur- 
ing transmission of the XBF in use. 


b2-b1 = TDS1, TDSO Transmit Data Select 


jtost | tose] Function 
| 0 | 0 | Rxboselectes 
po | + | Rroesetectes 
pt |e | Rxtecected 


bO = TVP Transmit Physical Violation Error This bit 
indicates (when set) that an incoherence has been 
detected between RxDO, RxD1 and RxD2 during 
transmission of the XBF in use. 


RESERVED LOCATIONS 


Locations from address 14h to 17h are reserved 
for future use. 
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I/O PORTS 


In the ST9561 two I/O ports, Port 0 and Port 1, are 
available. Both ports may be configured by hard- 
ware (pin DMX/P0 for Port 0 and DIR/P1 for Port 1) 
and by software using control registers associated 
to ports. 


I/O Port control Registers 

When used in I/O Register mode, the Data Regis- 
ters of the ports are mapped as following: 

PO Data Register Port0 (POD) Address 1Bh 

P1 Data Register Porti (P1D) Address 1Fh 
The Data Registers control the logic level of the 
ports when configured in output mode. They are 
set to FFh after reset. 

Two control registers per Port (PxCO and PxC1) 
are used to select the output configuration. They 
are mapped as follows: 

POCO Control Register 0 PortO Address 18h 
POC1 Control Register 1 Port 1 Address 19h 
P1C0 Control Register 0 PortO Address 1Ch 
P1C1 Control Register 1 Port 1 Address 1Dh 


When DMX/P0 =‘1’ and DIR/P1 = ‘0’, Port 0 and 
Port 1 are General Purpose I/O Ports. Port 0 allows 
the functional recreation of the MCU I/O port lost in 
communication with the S1T9561. Each bit of the 
port can be individually set according to the follow- 


ing table. 
/O Bit Configuration 


[0 | 0 [InputtoDataRegisterPxD 
mo [1 |esened 
T+ [0 [outputrombataRegiser xD 


where i = 0-7 and x = Oor 1 


After reset, PxCO and PxC1 are set to OOh. It is 
highly recommended to refresh all data bits in 
these registers when using these ports in order to 
prevent accidental reconfiguration of non-con- 
nected port pins as inputs 
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Port 0 Output Alternate Functions 


The PORTO output alternate functions are as fol- 
lows: 


PO.7 DIN 

P0.6 STAA line diagnosis signal. 

PO.5 STAB line diagnosis signal. 

P0.4 STAC line diagnosis signal. 

P0.3 ERROR bit. This bit is set to ‘1’ if an error 
has been detected in the frame. 

P0.2 CVF2, encoded current state of the ST9561 
internal state machine. Decoding is shown 
in the next table: 

P0.1 CVF1 

PO0.0 CVFO 


CVF2 | CVF1 | CVFO 


Ean 
po ft 
zee 
oe so) ACTIVE 
po | 


1 ACKNOWLEDGE 


SERED 


Port 1 Output Alternate Functions 


When Port 1 bits 0, 4, 5, 6 and 7 are configured as 
output, the output alternate functions are as follows: 


P1.0 TXD 
P1.4 CKBIT 
P1.5 CKTS 
P1.6 CK16 
P1.7 FTIP 


FTIP is normally ‘1’, itis set to ‘0’ when the ST9561 
is transmitting a frame, from the beginning of SOF 
to the end of EOD. 


When bits 1, 2, 3 are configured as input, the input 
source is respectively RXDO, RXD2, RXD1. 
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I/O PORTS (Continued) 


Figure 16. ST9561 Port Reconstruction PORT FUNCTIONS 
PORT 0 


When DMX/P0 =‘0’, Port 0 is the address input for 
the non-multiplexed bus interface. 


7 0 
“— [ror [ros [ms [me [ms [ma ms | 
rete [stele lela | 
ST9561 


VAN PORT 1 
SIGNALS 1/0 


When DIR/P1 = ‘1’, PORT1 is in “direct mode”. 
The pin functions are as follows: 


f 0 
[er [me [ms [re [mama [ma [ mo 
Px [ons | ors [or] wor [re [nae [v0 


P1.7 IER reset output for bus tranceiver 
P1.6 CK16 Feaseclock“) 
P1.5 CKTS TIMESLOT clock") 
P1.4 CKBIT clock bit“) 
: pie moos Sa eel 
P1 ; serial input 
peo, eee P1.4 RXDO _ serial input 0 
P1.0 TXD serial output 


Note 1. DIR/P1 1s tied to “1” internally in the ST9560. Pins P1.6, P1.5 
and P1.4 are not used and are set to inputs tied to VDD. 


_ vRO01736 RESERVED LOCATIONS 


Locations from address 1Ah to 1Eh are reserved 
for future use. 


DMX /PO 
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IDENTIFIER BUFFER 
Identifiers are stored in a 32-byte RAM. 


An identifier is a 12-bit field, up to sixteen identifiers 
may be stored on-chip. 


This RAM is mapped in the ST9560 space memory 
from address 32 to 63 (20h to 3Fh). Bits within the 
Identifier are maskable with the MASK registers. 
This feature is controlled by the bit “MF, Mask Fil- 
ter” of the Mode Receive register. When the MF bit 
is ‘1’, all identifiers are accepted. 


Identifier Bit Allocation 


7 0 
fen Tow [= [mo ]= [slo 


0 


7 
Po Le [oT @ [es] © [ron fron 


The 8 MSB bits are stored at even addresses (b7 = 
MSB of these 7 bits). 


The 4 remaining LS bits are stored at odd ad- 
dresses, bits 7 to 4 (b7 = MSB). 


Bits 3 to 0 are used as following: 
b3 = RESERVED 
bit 2 = Acknowledge enable (AE) 
b2 = ‘0’ acknowledge not to be generated. 
b2 = ‘1’ acknowledge generated if required. 
b1-b0 = Receive control mode 


rac [newo| Faneion 
Pe | o |aicweieies 
To [+ [mateo 
eo 
Ta [romaine 


Figure 17. Identifier mapping in the Identifier buffer 


Identifier #15 


an [os [2 [wi | wo [res | ae [Row [pow 
Identifier #0 
2on [rors fro] wo | we [07 [we | ws | oe 
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TRANSMIT AND RECEIVE BUFFERS 
Transmit Buffer 


The transmit buffer is the interface between the 
host CPU and the Bit Stream Processor and is able 
to store a whole message. 


The buffer is written by the host CPU and is read by 
the BSP and is implemented as a 32-byte single 
port RAM with mutual exclusive access from the 
CPU and the BSP. 


Two buffers are provided, XBFO and XBF1, the 
user can choose either of the buffers to be written 
by the host. 


Figure 18. Transmit buffer structure 


5Fh or 7Fh 


—> 
Last Byte 
Pointer 


First Data Byte 
Pb fe fn 


p —_—_> 
First byte 
pointer 


40h or 60h 


STA SGS-THOMSON 


ST9560 - ST9561 


Transmit is initiated by the host which writes in the 
CTR register (address 7): 


- request to send 
- byte first and last address 


Only one “request to send” is allowed at the same 
time. 


An interrupt is generated at the end of transmit. 


During frame transmission, the host cannot access 
the transmit buffer which is being used by the 
ST9560. 


Notes: 


- When there are no 
Data bytes (request 
frames), the last byte 
pointer is set to the 
2nd_ Identifier com- 
mand byte. 


- The maximum frame 
length is 30 Data bytes. 


It is possible to store 
several frames in the 
same buffer. 
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TRANSMIT AND RECEIVE BUFFERS (Continued) 


Receive Buffer 


The receive buffer is the interface between the 
BSP and the host CPU which stores a message re- 
ceived from serial bus. 

Once filled by the BSP and allocated to the CPU, 
the buffer is not available for another message. 
Therefore, unless the CPU releases the buffer, 
messages may be lost. 

In order to reduce CPU requirements, two receive 
buffers are provided. While one buffer is allocated 
to the CPU, the BSP may write in the other. 


Figure 19. Receive Buffer Structure 


The BSP only writes into a receive buffer when the 
message being received passes one of the 16 ac- 
ceptance filters loaded in the acceptance identifier 
RAM. 


Both buffers are located at the same address from 
address 32 to address 63 (20h to 3Fh). 


When a correct message is received, the Receive 
Status Registers 1 and 2 are updated and an inter- 
rupt is generated. 

The receive buffers share the same address zone 
as the IDEN RAM, selection of the RAM area to be 
read is made under control of b7 of the MRR. 


Note: 


- When there are no 
Data bytes, the last 
byte pointer value is 1. 


Last Byte - Last Data Byte 


Pointer 


First Data Byte 


[eietel es 


Figure 20. Fgase Clock Generator 


DIVIDE 
BY 3 


(buffered) 


DIVIDE 
BY N 


N=1,2,4,8,16,52,64,128 


VRO01731 
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TIMING AND SERIAL LINK RATE 
ST9560 transmission rate 


Time slot and bit frequencies are derived from 
elementary time clock called Fpase. 


Fease is obtained from the crystal oscillator fre- 
quency by the flow shown in figure 20, where N 
equals 1, 2, 4, 8, 6, 32, 64, 128 and is coded as log2 
N in MCR. 


According to the above flow, bit rate transmission 
is given by table 7, where: 


- PRE designates the prescaler dividing ratio (1 or 3) 


- DIV designates the coded programmed value 
N (Fxtac or Fxtav/3 is always divided by 2%) 


- Fease designates the elementary time fre- 
quency 


- Frs designates Time Slot frequency (kHz) 


- M_L rate designates the rate in Manchester 
coding 


- M_E rate designates the rate in Enhanced 
Manchester coding 


Table 7. Bit Rate Transmission (Fxtat = 24MHz) 


Fease (MHz) 


aes es 
<a 


0.500 


0.375 
0.125 
0.1875 


ky SGS-THOMSON 


Frs (kHz) M_L (kbits/s) N_E (kbits/s) 
1500 


0 
0 
[eso 
es 
ec 
[sas | ss | 


11.718 5.859 9.375 
3.906 1.953 3.125 
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ST9560 Oscillator 


The oscillator generating the Fpase timebase re- 
quires the use of an external crystal at the appro- 
priate frequency for the transmission after division. 


The circuit required is shown in the next figure: 


Figure 21. ST9560 Oscillator 


OSCIN OSCOUT 


Typical values: 
1MQ 
20MHz parallel cut 


X 
C 12pF 
C 


VROO1761 


ee 
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INTERRUPT CONTROL 

Interrupt Sources 

The ST9560 can interrupt the micro in the five fol- 
lowing cases, by asserting the IRQ pin low. 

a) receive data available: 


This occurs when an uncorrupted message, hav- 
ing passed the acceptance filter, is stored either in 
RBFO or RBF1 buffer. 


b) failed receive: 


This occurs when an error is detected during re- 
ception of a message having passed the accept- 
ance filter. 
Cc) overrun: 


A message passes the acceptance filter and 
neither RBFO nor RBF1 buffers are available. 


d) initialisation request: 


The interrupt is generated by a low level on the 
RST pin or by setting bit 0 of the SCR register. No 
operation is allowed until this interrupt is cleared. 


e) transmit data available: 

The transmit buffer XBFO or XBF1 (according to 
user choice) is available. 

f) failed transmission: 

An error has occurred during transmission of the 
message. 

Interrupt Source Reset 

Each interrupt source is cleared by setting to ‘1’ the 
corresponding bit of the Reset Interrupt Register. 
Enable Interrupt Register 


An enable bit is associated to each interrupt 
source. Excepting the INIT interrupt, if the corre- 
sponding bit of an interrupt source is cleared, the 
source Cannot interrupt the host MCU. In addition, 
a general interrupt enable is provided. If this bit is 
cleared, all interrupt sources are disabled, except 
the INIT interrupt. 


Reset 


After a reset of the ST9560 the TxD output is 
forced to high impedance. The ST9560 is able to 
transmit a level on TxD output when the INIT status 
interrupt is set to level 0 by the host. 
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ST9560 MAIN FUNCTIONS 

Transmit 

- acceptance of parallel data coming from the 
host (transmit buffer available) 

- frame formatting by adding specific fields (Start 
Of Frame, CRC, End Of Data, End Of Frame) 


- presentation to the physical layer of a ser- 
ialized bit stream, starting reading from first 
transmit address of the transmit buffer, MSB 
first 


- deferment of frame transmission so long as the 
physical medium is busy 

- implementation of the arbitration mechanism 

- termination of transmission upon collision de- 
tection 

- in the event of loss of arbitration, scheduling a 
resend and continuing to receive the frame 
passing via the bus. 

- computing the Frame Check Sequence (CRC) 
addition, adding it to the frame sent. 

- management of the time-out to comply with the 
interframe spacing (IFS) 

- signalling to the host that the transmit buffer is 
available. 

Receive 


- receiving a serialized bit stream from the serial 
bus, starting storing at address 32 (20h) of the 
receive buffer, MSB first. 


- recompiling the complete structure of the frame 
(structure by field) 


- checking the frame identifier and implementing 
the acceptance filter. 


- computing the CRC of received bit stream and 
comparing the result with the CRC sent with 
the received message. 

- checking the frame format 

- signalling to the transmit part that an acknow- 
ledge must be sent 

- removal of specific fields from the received 
frame 


- transferring the useful parallel information 
(Identifier, Command and Data) to the host. 
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ST9560 MAIN FUNCTIONS (Continued) 


Transmit Process 


The ST9560 is capable of transmitting messages 
with variable length from 2 bytes (identifier and 
command fields) to lower than or equal to 30 bytes. 


Transmit buffer XBFO is used (or XBF1, according 
to user choice). 


Host flow for transmission of a message 
This flow consists in following steps: 


1) check that the selected XBF buffer is available 
(bit 7 of Status Transmit register equals to ‘1’) 


2) write the IDENTIFIER, COMMAND and DATA 
fields in the TX buffer 


3) write the byte count in the Command Transmit 
Register and set bit 7 (Request to send) of the 
Command Transmit Register to ‘1’. 


4) reset interrupt source Transmit Data Available. 
ST9560 flow for transmitting a message 


1) check that ‘Request to send’ is set and TDBA 
(bit 3 of SIR) is cleared 


2) check for ‘bus idle’, if not wait until the bus is free 
3) send Start Of Frame 


4) read the parallel data in the selected XBF buffer, 
serialise it and send it on the serial bus 


5) monitor arbitration, if arbitration is lost, restart 
from step 2 


6) check for errors 


7) if transmission is not completed, repeat steps 
4,5,6 

8) send FCS field (CRC computed in parallel with 
step 4) 

9) send EOD, ACK, EOF fields 


10) set ‘Transmit Buffer Available’ in Status Trans- 
mit Register and assert Interrupt Transmit Request 
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Receive Process 


As for transmit process, the ST9560 can receive 
frames with variable length. 


Single mode is used to receive messages with 
length lower or equal to 32-byte. 


Host flow 
This flow consists in following steps: 


1) check that RBFO or RBF1 buffer is available (bit 
7 of Status Receive Register equals to ‘1’) 


2) read the filtered identifier and the BYTE COUNT 


3) read data from RBFO or RBF1 buffer (BYTE 
COUNT is LOCATED in the Status Receive Regis- 
ter) 


4) reset RDA and interrupt source 


ST9560 flow 

1) detects Start Of Frame 

2) checks identifier 

3) Data frame or request frame? 


4) transfers IDEN, COM and DATA in the selected 
RBFO or RBF1 buffer 


5) checks errors 


6) if not EOD, increments byte count and repeats 
steps 4,5 


7) checks that the computed CRC result is equal to 
4B15h and, if required and allowed, sends an ac- 
knowledge. 


8) sets the byte count in Status Receive Register 
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ABSOLUTE MAXIMUM RATINGS 


This product contains devices to protect the inputs 
against damage due to high static voltages, how- 
ever itis advised to take normal precaution to avoid 
application of any voltage higher than maximum 
rated voltages. 


For proper operation it is recommended that Vi and 
Vo must be higher than Vss and smaller Vpp. Re- 
liability is enhanced if unused inputs are connected 
to an appropriated logic voltage level (Vpp or Vss). 


Power Considerations. The average chip-junc- 
tion temperature, Tj, in Celsius can be obtained 
from : 


Tj= Ta+PD x RthJA 
Where : Ta = Ambient Temperature. 


RthJA = Package thermal resistance 
(junction-to ambient). 


PD = Pint + Pport. 
Pint = 


Ipp x Vpp (chip internal power). 


Maximum Power Dissipation 


Note : Stresses above those listed as “absolute maximum ratings” may cause permanent damage to the device . This ts a stress rating only and 
functional operation of the device at these conditions is not implied. Exposure to maximum rating conditions for extended periods may affect 


device reliability. 


Symbol 


| Vo Power Supply 


Parameter 


Test Conditions 


Input Low Level Voltage a 


Input Leakage Current 


vo | Low Level Output Voltage lo. = 4.0mMA 
| Von | High Level Output Voltage lon = -4.0mMA 
ee 


V 


Vop 

Vit 
Input High Level Voltage 

VoL 

OH 


non-I/O pins 
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kyz_ 3GS-THOMSON TEA7605 


LOW-DROP VOLTAGE REGULATOR 


a Vo=5V+4% (lo = 5mA) 

a los = 500mMA 

a Vi- Vo < 0.6 V (lo = 500mA) 

| Vi (surge) ri 80V 

a» THERMAL AND SHORT-CIRCUIT 


PROTECTION 
TO220 
(Plastic Package) 
ORDER CODE : TEA7605SP 
PIN CONNECTIONS 
DESCRIPTION 


TEA7605 is a low-drop 5V regulator well suited to 
supplying stabilized voltage to uPs in harsh indus- 
trial environment. 


Special care was taken to keep : 


» Lowest possible quiescent current (250A). 
= Lowest possible output capacitor (iF). 89DSTEA7605-01 


BLOCK DIAGRAM 


91DSTEA7605-02 
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TEA7605 


ABSOLUTE MAXIMUM RATINGS 


Input Voltage 

- Continuous V- 

- T= 300 ms V 

Vur) Reverse Input Voltage 
- Continuous — 18 V 
-t= 120 ms — 80 V 
Operating Junction Temperature — 45, +150 

Storage Temperature — 55, +150 


Junction-case Thermal Resistance 
Rth (j-a) Junction-ambient Thermal Resistance 


ELECTRICAL OPERATING CHARACTERISTICS 
Tj = 25°C, Vi = 14.4V (unless otherwise specified) Output Capacitor = 10uF (see note) 


Parameter 


Output Voltage (lo = 5 to 500mA) 


Vi Input Supply Voltage (permanent) 

Icc Current Consumption lo = OmA 0.4 
lo = 150mA 20 
lo = 500mA 100 


Line Regulation (Vi = 6 to 26V ; lo = 5mA) 
Kvo Load Regulation (lo = 5 to 500mA) 


Vi- Vo Drop-out Voltage lo = 150mA 
lo = 500mA 


SVR Supply Voltage Rejection 
(lo = 350mA, f = 120HZ, Co = 1mF, Vi= 12 + SV) 
Short-circuit Output Current 


NOTE : Applications Hints 

The output capacitor has a direct influence on output voltage stability. A 10 uF capacitor will provide satisfactory results. There is no upper 
limit on this capacitor value. 

If necessary, this value can be reduced down to 1 pF ; however, in such case, it should be checked that output capacitor keeps sufficiently 
high capacitance and low equivalent series resistance in the whole temperature range. 

Such low capacitor value is not recommended either, if output current is to switch abruptly from very high to very low values (for instance, 
400 mA to < 1 mA). 


ELECTRICAL OPERATING CHARACTERISTICS 
Tj = — 45°C to +125°C, Vi = 14 .4V (unless otherwise specified) Output Capacitor = 10yF 


Symbol | —~=~S*~S~S~SParamctcr —SSSSCS~*dCMn. ‘| Typ. | Max. | Unit 
Output Voltage (lo = 5 to 500mA) 4.8 
dvo Output Voltage Drift T, = — 45 to +25°C - 0.4 mvV/°C 
ar T, = + 25 to +125°C -0.6 
loc Current Consumption lo=OmA 0.45 mA 
lo = 150mMA 25 mA 
lo = 500mA 120 mA 
Line Regulation (Vi = 6 to 26V, lo = 5mA) a ee ee 
Load Regulation (lo = 5 to 500mA) re ae 
Vi- Vo Drop-out Voltage lo = 150mA 0.2 V 
lo = 500mA V 
Short-crcuit Ouiput Current ane Wal 


| lom | Maximum Output Current 
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Ays ows TEA7610 


LOW-DROP VOLTAGE REGULATOR 


n Vo = 10V + 4% (lo = 5mA) 

» lo=5 TO5O00MA 

ns Vi - Vo = 0.6V (lo = 500mA) 

a V (surge) = + 80V 

a» THERMAL AND SHORT-CIRCUIT PROTEC- 
TION 


TO220 
(Plastic Package) 


ORDER CODE : TEA7610SP 


PIN CONNECTIONS 


DESCRIPTION 
TEA7610 is a low-drop regulator well suited to sup- 


plying stabilized voltage to uPs in harsh industrial 
environment. 


Special care was taken to keep : 
« Lowest possible output capacitor (11F). 89DSTEA7610-01 


BLOCK DIAGRAM 


BALLAST = 


START-UP CURRENT 


THERMAL » 
PROTECTION 


TEA7610 


91DSTEA7610-02 
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TEA7610 


ABSOLUTE MAXIMUM RATINGS 


Symbol 


Vi Input Voltage . 
- Continuous 30 V 
- t= 300 ms 80 V 
Vir) Reverse Input Voltage 
- Continuous 
-tT=120 ms 


Operating Junction Temperature 


Storage Temperature 


THERMAL DATA 


Rthy-c) Junction-case Thermal Resistance 
Riny-a) | Junction-ambient Thermal Resistance 


ELECTRICAL OPERATING CHARACTERISTICS 
Tj = 25°C, Vi = 14.4V (unless otherwise specified) Output Capacitor = 10yF (note) 


po Parameter | Mina. | Typ. | 


Output Voltage (lo = 5 to 500mA) 9.7 10.3 


Symbol 
Vo 
Input Supply Voltage (permanent) 


8 
[ee] 
< 


Current Consumption lo = OmMA 1.5 2 mA 
lo = 150mMA 10 20 mA 
lo = 500mA 75 100 mA 


Line Regulation (Vi = 11 to 26 V ; lo = 5mA) 
Load Regulation (lo = 5 to 500mA) 


| aes 
| | 40 | 80 | 
Vi-Vo | Drop-out Voltage lo = 150mA Le aa 
lo = 500mMA 0.4 
On 


V 
loc 
Ky 
Kvo 


Supply Voltage Rejection 


(lo = 350mA, f = 120Hz, Co = 1nF, Vi = 12 + 5V) 
Short-circuit Output Current 


” 
< 


los 
NOTE : Application Hints 


The output capacitor has a direct influence on ouptut voltage stability. A 10uF capacitor will provide satisfactory results ; there is no upper 
limit on this capacitor value. 

If necessary, this value can be reduced down to 1uF ; however, in such case, it should be checked that output capacitor keeps sufficiently 
high capacitance and low equivalent series resistance in the whole temperature range. 

Such Nas Smt value is not recommended either, if output current is to switch abruptly from very high to very low values (for instance 
400mA to < 1mA). 


ELECTRICAL OPERATING CHARACTERISTICS 
T, =— 45°C to +125°C, Vi = 14.4V (unless otherwise specified) Output Capacitor = 10uF 


Symbol 


Output Voltage (lo = 5 to 500mA) 


dvo utput Voltage Drift T, = — 45 to +25°C — 1 mvV/°C 
T, = +25 to +125 °C -—1.2 


ca 

Icc Current Consumption lo = OMA 
lo = 150mA 
lo = 500mA 


Line Regulation (Vi = 11 to 26V ; lo = 5mA) F | 


Load Regulation (lo = 5 to 500mA) 


Vi- Vo | Drop-out Voltage lo = 150mA 
lo = 500mA 
Short-circuit Output Current | 0.4 | i, eee 


Maximum Output Current 
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APPLICATION DIAGRAM 
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LOW-DROP VOLTAGE REGULATOR 


a Vo =8.5V + 4% (lo = 5mA) 

a lo=5 TO 500mA 

s Vi- Vo =0.6V (lo = 500mA) 

i) VI (Surge) = + 80V 

a THERMAL AND SHORT-CIRCUIT PROTEC- 
TION 


(Plastic Package) 


ORDER CODE : TEA7685SP 


PIN CONNECTIONS 


DESCRIPTION 
TEA7685 is a low-drop 8.5V regulator well suited to 
supplying stabilized voltage to Ps in harsh indus- 
trial environment. 


Special care was taken to keep : 
a Lowest possible output capacitor (1pF). 89DSTEA7685-01 


BLOCK DIAGRAM 


TEA7685 


91DSTEA7685-02 
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TEA7685 


ABSOLUTE MAXIMUM RATINGS 


Symbol | Unit _| 
VI Input Voltage 
- Continuous 30 V 
- T= 300ms 80 V 
Vir) Reverse Input Voltage 
- Continuous — 18 V 
-t=120ms — 80 V 


Operating Junction Temperature — 45, +150 
Storage Temperature —~ 55, +150 


THERMAL DATA 


Junction-case Thermal Resistance 
Junction-ambient Thermal Resistance 


ELECTRICAL OPERATING CHARACTERISTICS 
Tj = 25°C, Vi = 14.4V (unless otherwise specified) Output Capacitor = 10uF (note) 


Symbol Parameter 


Output Voltage (lo = 5 to 500mA) 


| ov | Input Supply Voltage (permanent) 


Vo 
VI 
Icc Current Consumption lo= OmA 
lo = 150mMA 
lo = 500mMA 
Line Regulation (Vi = 9.5 to 26V ; lo = 5mA) - 


Load Regulation (lo = 5 to 500mA 


O ( ) 
Vi- Vo | Drop-out Voltage lo = 150mMA 
lo = 500mMA 
SVR Supply Voltage Rejection 
(lo = 350mA, f = 120Hz, Co = 1pF, V; = 12+ 5V) 


Short-circuit Output Current 


NOTE : Application Hints 

The output capacitor has a direct influence on ouptut voltage stability A 10uF capacittor will provide satisfactory results ; there is no upper 

limit on this capacitor value 

lf necessary, this value can be reduced down to 1yF ; however, in such case, it should be checked that output capacitor keeps sufficiently 

high capacitance and low equivalent series resistance in the whole temperature range. 

ue hae a value is not recommended either, if output current is to switch abruptly from very high to very low values (for instance 
0OmA to < 1mA). 
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ELECTRICAL OPERATING CHARACTERISTICS 
Tj = — 45°C to + 125°C, V) = 14.4V (unless otherwise specified) Output Capacitor = 10uF 


Symbol | Parameter | (Min | Typ. | Max. | Unit _| 
Output_Voltage (lo = 5 to 500mA) 
dvo Output Voltage Drift T, = — 45 to +25°C -1 mvV/°C 
di T, = + 25 to +125°C -1.2 
loc Current Consumption lo= OmA 2.5 mA 
lo = 150mA 25 mA 
lo = 500mA 120 | mA 
Line Regulation (V = 9.5 to 26V ; lo = 5mA) /-25| | 25 | mv | 
Load Regulation (lo = 5 to 500mA) j=90/ | 90 | mv | 
Vi- Vo | Drop-out Voltage lo = 150mA 0.20 V. 
lo = 500mA V 
Short-circuit Output Current 0.4 ae eee ae 
Maximum Output Current 0.5 FT A 
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MICROELECTRONICS VB020 
HIGH VOLTAGE IGNITION COIL DRIVER 
POWER IC 


TYPE Vr | Ir | ta | 
VB020 400 V 150 mA 


PRIMARY COIL VOLTAGE INTERNALLY SET 
COIL CURRENT LIMIT INTERNALLY SET 
LOGIC LEVEL COMPATIBLE INPUT 
OVERVOLTAGE PROTECTION OF THE 
DRIVING AND CONTROL CIRCUIT 


DESCRIPTION 

The VB020 is a high voltage power integrated 
circuit made using SGS- THOMSON 
Microelectronics Vertical Intelligent Power 
Technology, with vertical current flow power 
darlington and logic level compatible driving 
circuit. 

Built-in protection circuits for coil current limiting 
and collector voltage clamping allows the VB020 
to be used as a smart, high voltage, high current 
interface in advanced electronic ignition systems. 
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VB020 


ABSOLUTE MAXIMUM RATING 


Internally Limited 
Internally Limited A 
4 


-40 to 150 
-55 to 150 


V 
mA 
V 
V 
mA 


24 


THERMAL DATA 


Rinycase [Thermal Resistance Junction Case (MAX) 
| Riny-amb | Thermal Resistance Junction Ambient (MAX) °C/W 


PIN CONFIGURATION 


INPUT 
Vs 

HVe 

Vd 
GROUND 


PC11130 


PIN FUNCTION 
FUNCTION 


Emitter Power and Control Ground 
Driver Stage Supply Voltage 


Output to The Primary Coil 


Control Circuit Supply Voltage 
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VB020 


ELECTRICAL CHARACTERISTICS (Vp = Vcc = 12 V; Tamb = 25 °C; Vin = 0.4 V; Rs = 300 Q; 
Rp = 50 Q; Reon = 500 MQ; Lco = 6MH unless otherwise specified, see figure 1) 


[Symbol [Parameter | Test Conditions | Min. | Typ. | Max. | Unit | 
[Var [High Voltage Clamp |Functonal Test see tigs.9e4 | 20 | | 460 | v_| 


Vee(sat) |Saturation Voltage of lc = 5A; Ig = 40mA; Vin = 5V pulsed 1.5 2 V 
The Power Stage ton = 300 us fosc = 1 Hz 
Is(on) Control Circuit Supply Vin=4V 10 25 mA 
Current 
Is(stand-by) Control Circuit Vin =0.4V 5 15 mA 
Stand-by Current 
Vs Control Circuit Supply 5.6 \} 8.5 V 
Voltage 
Id(on) Driver Stage Supply Vin=4V 150 350 mA 
Current 
la(stand-by) |Driver Stage Stand-by |Vin=0.4 V 1 mA 
Current 
Va Driver Stage Supply 17 V 
Voltage 


5 
Coil Current Limit Functional Test see figs. 3 e 4 55 | 6 | 65 | A | 


Win. [Low Level input Vottage |le<2mA HVe=Ve «dO 
“ina |High Level Input Current|Vin=24VSSSS*dSSi;S=*d Ct | 
Energy Clamped 


Note 1: Vciamp = 300 V externally set 


PRINCIPLE OF OPERATION internally set value, Vcl. typically 400V, in case 
The VB020 is a high voltage, power integrated accidental secondary open circuit conditions 
circuit with a logic level compatible input. occur. 

This part is intended for use in ignition modules The transition from saturation to desaturation coil 
or integrated into an ignition coil assembly. current limiting phase implies a maximum 

The input, Vin, of the VB020 is fed with a logic overshoot of 0.85 times the supply voltage 

level signal generated by an external controller without requiring an external RC network for 

or processor that determines both dwell time and frequncy compensation. 

ignition point. When Vin is high (>2.4V) the 

VB020 power output transistor conducts and a OVERVOLTAGE 

current controlled by the IC logic flows in the The VB020 can withstand the following transient 
ignition coil. on the battery line: 

The current is held constant at a level set -120V/2msec (R; = 10 2) 

internally by the P.I.C. until the ignition point, * 100V/imsec (R; = 10 Q) 

when Vin is driven low. During the turn-off of the 50V/400msec (Ri = 2 , Vin = 3 V) 


transistor, the primary voltage is clamped at an 
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VB020 


Figure 1 : Test Circuit. Figure 2 : Resistive Switching Waveform. 


Figure 3 : Application Circuit. 


SC-0366 


Coil data: primary resistance Rc = 0.4 - 0.5 ohm. 
primary Inductance Lc = 6 - 8 mH. 


Figure 4: Input Voltage and Output Current Waveform. 
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MICROELECTRONICS VB024 
HIGH VOLTAGE IGNITION COIL DRIVER 
POWER IC 

PRELIMINARY DATA 


vBo24 | 400V 100 mA 


PRIMARY COIL CURRENT INTERNALLY SET 
PRIMARY COIL VOLTAGE INTERNALLY SET 
AUTOMATIC SHUT-OFF AT MAX CURRENT 
LOGIC LEVEL COMPATIBLE INPUT 

DIGITAL SIGNAL FEEDBACK TO INDICATE 
A PREDETERMINED CURRENT LEVEL 


DESCRIPTION 

The VB024 is a high voltage integrated circuit 
made using SGS-THOMSON VIPower thecnology, 
with vertical current flow power darlington and logic 
level compatible driving circuit. 

The device performs the following functions: 
power stage for driving the primary side of the 
ignition coil, digital signal feedback to the control 
IC to indicate a predetermined current level, 
automatic shut-off at maximum current, self 
clamping for voltage flyback and logic level input. 
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VB024 


ABSOLUTE MAXIMUM RATING 


Symbol Parameter 
Collector Voltage 
Ic 
Va 
Vin 
Vs 
q 


Value 


Internally Limited 
Internally Limited 


ple 
| la 
| Vin__[Maximum Input Voltage 
vs 
Es 
ee ates 


Operating Junction Temperature ; -40 to 150 
Storage Temperature Range -55 to 150 


| Riry-amp [Thermal Resistance Junction Ambient (MAX) 


CONNECTION DIAGRAM 


FLAG 
INPUT 
Vs 
OUT 


Vd 
LATCH ENABLE 
GND 


PC11110 


PIN FUNCTION 


FUNCTION 
Emitter Power and Control Ground 
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VB024 


ELECTRICAL CHARACTERISTICS (Vp = 12 V; Vs = 5 V Regulated; T, = 25 °C; Reoil = 500 mQ; 


Leoil = 6MH unless otherwise specified) 


Is(on) Control Circuit Supply 
Current 
Vs Control Circuit Supply 
Voltage 
ld(on) Driver Stage Stand-by |Vin=4V 
Current 
Vd Driver Stage Supply 
Voltage 


High Level Input Voltage 


PRINCIPLE OF OPERATION 

The VB024 is designed to drive the primary side 
of an ignition coil and provide a logic signal 
output to indicate a predetermined coil current 
level. This output signal is used to perform dwell 
control. This part is intended for use in Engine 
Control Modules. It could also be used in an 
ignition module or integrated into an ignition coil 
assembly. 

The VB024 accepts an input High signal from the 
control IC to start charging the primary side of the 
ignition coil. When the primary coil current 
reaches 3 amps, the VB024 outputs a logic High 
signal to the control IC. This flag signal is used in 
the calculation of the dwell time. 

This device also has a maximum primary coil 
current Icimax) Shut-off feature. Ic(max) equals 
aproximately 1.5 times the nominal primary coil 
currnet. If the Ic reaches Ic(max), the output stage 
will Shut-off causing the spark to occour. 
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[Parameter [| ‘Test Conditions| Min. | Typ._ 
High Voltage Clamp — |Vin= 0.4 -40°C < T, < 125 °C 


Vee(sat) |Saturation Voltage of lo = 6A; Ig =80MA; Vin = 4V 
The Power Stage 
aes A 


Diagnostic Current at -40°C < T, < 125 °C 
Wich The Flag Switches 


ee 
"Vn. [Low Levelinput Vottage| —~=S~=~—“~*~*~*~“—s*~—*~sCSCSYSC‘ 
[init [High Level input Current|Vn=5Sv-—~—~SCS~*~dtC 2d 80 | 


Vdiagh |High Level Diagnostic Rtlag = 20 KQ 4 4.5 V 
Output Voltage 

Vdiagt |Low Level Diagnostic Rilag = 100 KQ 0.1 V 
Output Volatge 


Note 1. Time fron input switching Vneg unti! Vc_ drops to 200 V 


Pao ff S10 | Vv 


a 


c7a | [38 [a 


The VB024 is also internally clamped to protect it 
from the flyback voltage of the primary 
inductance as the output stage is turned off. 


OVERVOLTAGE 

The VB024 withstand the following transient test 
performed using a "Schaffner" equipment at Ta = 
80 °C: 

1) LOAD DUMP 

Ten pulses with 10 second intervals between 
each transient. The device withstand load dump 
while fully on, fully off and during the transition 
between states (see figures 3 and 4). 

2) NEGATIVE TRANSIENTS 

Ten negative transients with 10 second intervals 
between each transient (see figure 5). 

3) REVERSE BATTERY 

Inversion of battery voltage for a time = 60 sec 
(see figure 5). 
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FIGURE?1: Application Circut 
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FIGURE 3: Load Dump Test Circut 
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FIGURE 4: Load Dump Input Waveform 


Voat =14+79 5 exp(—t/0.25) 
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VB024 


FIGURE 5: Negative Transients Test Circut 


1.2KQ +/-5% 


2000 pF 


Hi 
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FIGURE 6: Reverse Battery Test Circuit 


3C06400 


(*) This resistor represents vehicle wiring harness resistance 
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MICROELECTRONICS VB027 
HIGH VOLTAGE IGNITION COIL DRIVER 
POWER IC 


PRELIMINARY DATA 


PRIMARY COIL VOLTAGE INTERNALLY SET 
COIL CURRENT LIMIT INTERNALLY SET 
LOGIC LEVEL COMPATIBLE INPUT 
DRIVING CURRENT QUASI 
PROPORTIONAL TO COLLECTOR 
CURRENT 

» DOUBLE FLAG-ON COIL CURRENT 


DESCRIPTION 

The VB027 is a high voltage power integrated 
circuit made using SGS-THOMSON 
Microelectronics Vertical Intelligent Power 
Technology, with vertical current flow power 
darlington and logic level compatible driving circuit. 
Built-in protection circuits for coil current limiting 
and collector voltage clamping allows the VB027 
to be used as a smart, high voltage, high current 
interface in advanced electronic ignition systems. 
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VB027 


ABSOLUTE MAXIMUM RATING 


HVc Collector Voltage Internally Limited V 


Operating Junction Temperature 
Storage Temperature Range 


THERMAL DATA 


| Rin-case | Thermal Resistance Junction Case (MAX) 
| Rinj-amb {Thermal Resistance Junction Ambient (MAX) 


CONNECTION DIAGRAM 


PC11120 


PIN FUNCTION 
FUNCTION 


Emitter Power and Control Ground 
Supply Voltage For The Power Stage 
Output to The Primary Coil 


Output of a Logic Signal When Ic Is Greater Than3 A 
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ELECTRICAL CHARACTERISTICS (Vp = 13.5 V; Tj = 60°C; Reoi = 510 mQ; Lcoi = 2.85 mH; 
unless otherwise specified) 


[Symbol | Parameter | Test Gonditions | Win. | Typ. | Max. | Unit | 


Vel High Voltage Clamp Vin=0.4V -40°C <T,< 125°C 300 360 400 V 
leon = GA 
Vee(sat) |Saturation Voltage of le=6A; Ig=80mMA; Vin = 4V 1.6 2 V 
The Power Stage 


Vee(sat)dt | Saturation Voltage of Ile = 6A; Ig =85 MA; Vin = 4V 2.5 V 
The Power Stage -40°C < T, $< 125 °C 
Derating in Temperature 
la(stdby) |Stand-by Supply Vin = 0.4 V 10 mA 
Current 
ld(on) Power On Supply Vn=4V \Ilg=6A 130 mA 
Current -40°C < T, $ 125 °C 


Iclitd) Coil Current Limit Drift |See figure 3 
With Temperature 
Low Level Input Voltage [Ic < 2 MA HVc = Vb Fo | | 08 | 
High Level Input Current} Vin = 4 V LA 
VdiagH High Level Diagnostic 3.5 Va 
Output Voltage 
Vdiag. |Low Level Diagnostic Idiagsink = 2.5 MA 0.5 
Output Voltage 
4.25 4.75 


IdiagtH1 |Diagnostic Current First 
Threshold 


Idiagtb1 |Diagnostic Current First 
Threshold Drift With 
Temperature 

IdiagtH2 |Diagnostic Current 
Second Threshold 

lgiagtp2 |Diagnostic Current 
Second Threshold Drift 
With Temperature 

Delay Time Coil Current |Ic = 5.5A 
Fall Time Coil Current [Ic = 5.5 A 


tdidiag) |Delay Time Diagnostic |Rpiag = 4.7KQ C; = 20 pF 
Current 

tridiag) | Rise Time Diagnostic Roiac = 4.7KQ Cj = 20 pF 
Current 

ti(diag) | Fall Time Diagnostic Roiac = 4.7KQ CC; = 20 pF 
Current 


Note 1. The primary coil current value Icl must be measured 1 ms afterdesaturation of the power stage 


See figure 4 


“a 
on 


5.45 


ol 
ee) 
ce) 
vs 
on 


See figure 5 


N 
o1 


n” 


” 


UL 


on 
” 


” ” 


Ky ScS:THomson 22 


MICROELECTROMICS 
479 


VB027 


PRINCIPLE OF OPERATION The transition from saturation to desaturation, 
The VB027 is mainly intended as a high voltage coil current limiting phase, must have the ability 
power switch device driven by a logic level input to accomodate an overvoltage. A maximum 
and interfaces directly to a high energy electronic overshoot of 20V is allowed. 

ignition coil. 

The input Vin of the VB027 is fed from a low FEEDBACK 

power signal generated by an external controller When the collector current exceeds 4.5A, the 
that determines both dwell time and ignition point. feedback signal is turned high and it remains so, 
During Vin high (= 4V) the VB027 increases until the load current reaches 5.8A (second 
current in the coil to the desired, internally set threshold), at that value, the feedback signal is 
current level. turned low. 


After reaching this level, the coil current remains 
constant until the ignition point, that corresponds OVERVOLTAGE 
to the transition of Vin from high to low (typ. 1.9V The VB027 can withstand the following 


threshold). transients of the battery line: 

During the coil current switch-off, the primary -120V/2msec (R; = 10 Q) 

voltage HVc is clamped at an internally set value +100V/1imsec (R, = 10 Q) 

Vel, typically 360V. +50V/400msec (Ri = 2 Q, with Vin = 3 V) 


FIGURE1: Application Circuit 
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VBC 


2 Threshold 


1 Threshold 


lel 


DIAG. _ | | | | 
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FIGURE 3: Maximum Ici Versus Temperature FIGURE 4: ltiagi Versus Temperature 
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MICROELECTRONICS VB921ZFI 
HIGH VOLTAGE IGNITION COIL DRIVER 
POWER IC 

ADVANCE DATA 


» NO EXTERNAL COMPONENT REQUIRED 
a» INTEGRATED HIGH VOLTAGE CLAMP 

s COIL CURRENT LIMIT INTERNALLY SET 
» HIGH RUGGEDNESS 


DESCRIPTION 

The VB921Z and VB921ZFI are monolithic high 
voltage integrated circuits made _ using 
SGS-THOMSON Microelectronics Vertical 
Intelligent Power Technology, which combines a 
vertical current flow power trilinton with a coil 
current limiting circuit and a collector voltage 
clamping. 

The device is peculiarly suitable for application in 
high performance electronic car ignition, where 
coil current limitation and voltage clamping are 
required. 
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INTERNAL SCHEMATIC DIAGRAM 


CONTROL 
UNIT 
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VB9212Z/ZFI 


ABSOLUTE MAXIMUM RATING 


i 
ood 8 


A 
ae 
°C 


ee 


TO-220 ISOWATT220 aa 


Symbol Test Conditions 


lego Collector Cut-off Vin=O HVc = 250 V 
Current 


Power Stage le=6A Iin=10MA i 
Saturation Voltage 
Fim [input urent «| SC—~“C~—~—SCS~—CS VTC 


* Coil data’ primary resistance Re = 04-08 Q, primary inductance Lc = 6 - 8 mH 
** Pulsed Pulse duration = 300 us, duty cycle 1.5% 
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MICROELECTRONICS VB921ZVFI 
HIGH VOLTAGE IGNITION COIL DRIVER 
POWER IC 

ADVANCE DATA 


. « NOEXTERNAL COMPONENT REQUIRED 
a» INTEGRATED HIGH VOLTAGE CLAMP 
a COIL CURRENT LIMIT INTERNALLY SET 
a» HIGH RUGGEDNESS 


DESCRIPTION 

The VB921ZV and VB921ZVFI are monolithic 
high voltage integrated circuits made using 
SGS-THOMSON Microelectronics Vertical 
Intelligent Power Technology, which combines a 
vertical current flow power trilinton with a coil 
current limiting circuit and a collector voltage 
clamping. 

The device is peculiarly suitable for application in 
high performance electronic car ignition, where 
coil current limitation and voltage clamping are 
required. 


ISOWATT220 


INTERNAL SCHEMATIC DIAGRAM 


SC063550 


November 1992 1/2 


485 


VB921ZV/ZVFI 


ABSOLUTE MAXIMUM RATING 


[Vin [Maximum input Vollage—=SCSC=“‘“‘sS*S*~sr=C“‘CS*SC*™*SSCOC*~*~“‘é“CON’CNC#CW 
[te [Collector Current ————SSCSC~*~S~SsSSS tray Limited YA 
[in |input Curent 
[Taig [Storage Temperature 


THERMAL DATA 


ELECTRICAL CHARACTERISTICS (Vpatt = 12 V, Tcase = 25 °C unless otherwise specified) 


2 
4 


Collector Cut-off Vin=O HV.=250 V 
Current 


bate 
Va* {Clamping Voltage -40 < T, < 125 °C 00 
an i be 
Input Current 
Alc! Coil Current Variation |Vn=4.5-5.5V 
in Respect to Vin =5 V 


| Unit | 
mA 


Veg(sat) Power Stage le = 6 A lin = 10 mA 
Saturation Voltage 
Coil Current Limit Vn=5V -40<T,< 125°C 
see note 1 
leh eok 


* Coil data: primary resistance R- = 0.4 - 0.8 Q, primary inductance Lc = 6 - 8 mH 
** Pulsed: Pulse duration = 300 us, duty cycle 1.5 % 
NOTE 1: Ic: is also controlled in respect to the variation of Vin between 0.5 to 5.5 V 
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{ SGS-THOMSON 
SF WicROELECTROMICS VNO2N 


HIGH SIDE SMART POWER SOLID STATE RELAY 


(TWPE | Voss [Rosen [ tor | Veo | 


« OUTPUT CURRENT (CONTINUOUS): 6A @ 
Tc=25°C 

5V LOGIC LEVEL COMPATIBLE INPUT 
THERMAL SHUT-DOWN 

UNDER VOLTAGE SHUT-DOWN 

OPEN DRAIN DIAGNOSTIC OUTPUT PENTAWATT PENTAWATT 
VERY LOW STAND-BY POWER (vertical) (horizontal) 
DISSIPATION 


DESCRIPTION 

The VNO2N is a monolithic device made using 
SGS-THOMSON Vertical Intelligent Power x PENTAWATT 
Technology, intended for driving resistive or . (in-line) 
inductive loads with one side grounded. 


Built-in thermal shut-down protects the chip from 


over temperature and short circuit. ORDER CODES: 
The input control is 5V logic level compatible. PENTAWATT vertical VNO2N 
The open drain diagnostic output indicates open PENTAWATT horizontal VNO2N (011Y) 


circuit (no load) and over temperature status. PENTAWATT in-line VNO2N (012Y) 


BLOCK DIAGRAM 


GROUND 
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VNO2N 


ABSOLUTE MAXIMUM RATING 


(cont.) 


[tn [Reverse Output Curent ——SOSs=~“*~*~*~“‘“‘~*~*S*S*S*~*~‘~SC“‘CSSSSC*’ 

[tw [input Curent SS™~C~—SSSCSSCS*dSCm 
Status Current mA 
Electrostatic Discharge (1.5 kQ, 100 pF) 
| Prot Power Dissipation at Tc < 25 °C 
| 7} — |Junction Operating Temperature 


CONNECTION DIAGRAM 


OUTPUT 
STATUS 
Vec 
INPUT 
GROUND 


PC10000 


CURRENT AND VOLTAGE CONVENTIONS 
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THERMAL DATA 


Rthy)-case | Thermal Resistance Junction-case 
Rthy-amb Thermal Resistance Junction-ambient 


ELECTRICAL CHARACTERISTICS (Vcc = 13 V; -40 < Tj < 125 °C unless otherwise specified) 
POWER 


[Symbot [Parameter [Test Conditions | win. | Typ. | Max. | Unit | 
[vee [Suppiy vonage | SSC—“—~—“‘“s*~*~é~s «CSC 


On State Resistance lour=3A 0.8 Q 
lour=3A 1, = 25°C 0.4 Q 

Supply Current Off State T)225°C 50 nA 
On State 15 mA 

SWITCHING 

Turn-on Delay Time Of |lout = 3 A Resistive Load 10 Us 

Output Current Input Rise Time < 0.1 us T, = 25°C 

Rise Time Of Output lout = 3 A Resistive Load 15 

Current Input Rise Time < 0.1 us T, = 25°C 

Turn-off Delay Time Of |lout = 3 A Resistive Load 15 

Output Current Input Rise Time <0.1 us T,= 25°C 

Fall Time Of Output lout = 3 A Resistive Load 

Current Input Rise Time <0.1 us T, = 25°C 


(di/dt)on |Turn-on Current Slope |lour=3A 
lout = lov 
(di/dt)ots |Turn-off Current Slope {lour=3A 
lout = lov 


LOGIC INPUT 


0.5 
2 
2 
4 


Input Low Level 
Voltage 


Viinyst) [Input Hysteresis 
Voltage 


Input Current 


Vict Input Clamp Voltage lin= 10mA 
lin =-10 mA 


Vuso Under Voltage Shut 
Down 


Ayy iitsonncmontes = 


VNO2N 


ELECTRICAL CHARACTERISTICS (continued) 


PROTECTION AND DIAGNOSTICS (continued) 


Symbol Test Conditions Tye. 
6 


Vsct (e) |Status Clamp Voltage [Istatr = 10 mA 
IstaT = -10 mA 
Riroap << 10 MQ TT. = 25°C 
Short Circuit Condition 
at Start-Up 


tsc Switch-off Time in 


-40< Te. < 125°C 


(*) The Vin is internally clamped at 6V about. It is possible to connect this pin to an higher voltage via an external resistor 
calculated to not exceed 10 mA at the input pin. 
(e) Status determination > 100 ps after the switching edge. 


FUNCTIONAL DESCRIPTION 

The device has a diagnostic output which 
indicates open circuit (no load) and over 
temperature conditions. The output signals are 
processed by internal logic. 

To protect the device against short circuit and 
over-current condition over the full range of 
supply voltage (Vcc) and temperature, the 
thermal protection turns the integrated Power 
MOS off at a minimum junction temperature of 
140 °C. When the temperature returns to about 
125 °C the switch is automatically turned on 
again. 

In short circuit conditions the protection reacts 
with virtually no delay, the sensor being located in 
the region of the die where the heat is generated. 


PROTECTING THE DEVICE AGAINST REVER- 
SE BATTERY 

The simplest way to protect the device against a 
continuous reverse battery voltage (-26V) is to 
insert a Schottky diode between pin 1 (GND) and 
ground, as shown in the typical application circuit 


(fig. 3). 

The consequences of the voltage drop across 

this diode are as follows: 

— If the input is pulled to power GND, a negative 
voltage of -Vr is seen by the device. (Vit, Vin 
thresholds and Vstat are increased by Vr with 
respect to power GND). 

— The undervoltage shutdown level is increased 
by Vr. 

lf there is no need for the control unit to handle 

external analog signals referred to the power 

GND, the best approach is to connect the 

reference potential of the contro! unit to node [1] 

(see application circuit in fig. 4), which becomes 

the common signal GND for the whole control 

board. 

In this way no shift of Vin, Vic and Vstat takes 

place and no negative voltage appears on the 

INPUT pin; this solution allows the use of a 

standard diode, with a breakdown voltage able to 

handle any ISO normalized negative pulses that 
occours in the automotive environment. 
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Figure 1: Waveforms 
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Figure 3: Typical Application Circuit With A Schottky Diode For Reverse Supply Protection 
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Figure 4: Typical Application Circuit With Separate Signal Ground 


10KQ 
STATUS 


CONTROL 
UNIT 


SCQ6051 


POWER GND 


oe Ky Sés-THomson 


MICROELECTRONICS 
492 


Rpsvon) vS Junction Temperature 


GC18850 


pt} tt Tt iy 
| fies] | | YA 
Bee ERACE 
SRE AAR 
Bas 2aeee 
Rec akan 
ELZWaneeee 


=90 0 50 100 


R¢on) 
(m2) 
500 


400 


300 


200 


T,("c) 


Robson) vS Output Current 


R (on) 
(m2) 


Output Current Derating 


GC18880 


1322) (a GEE Fa 
er a 


A 
fe hes SH tH 


= 
8 
Rae eae RRe ee 
Pee aE ee Eee 


9) 50 100 Te (°C) 


VNO2N 


Rpsion) vS Supply Voltage 


GC18860 


noo He=S8E ECE LIZ LE 
sO 
PANSeo err Ce 


(ones 


4 8 12 16 20 24 28 Vec(V) 


Input voltages vs Junction Temperature 


CC13581 


pee ML ates at ol yes a 
Sa i FS J TW 
te eee ete hl 


—50 0 50 100 -T,(‘C) 


Open Load vs Junction Temperature 


GC18890 


os see lt 
SRREE. GRR EAR ERE 
clic eetepole fe Ue ae testo |< 
BERR Aes 
Te a Pe | 
SSRs eee Se 
tN ll a 
FERS Stites eee 
Ea eid Wee [io ls el 
PG 


—50 0 50 100 -T, (°C) 


35 


25 


7/7 
f SGS-THOMSON —__—EEEEEEEESSCFFFSCFSFSCFSCSCSé 
S97 ecouetascs ee 


haz SGS-THOMSON 
7 wicrozectRowics VNO3 


ISO HIGH SIDE SMART POWER SOLID STATE RELAY 


PRELIMINARY DATA 


07a | 26V 


» MAXIMUM CONTINUOUS OUTPUT 
CURRENT (#): 4 A @ Te= 85°C 
5V LOGIC LEVEL COMPATIBLE INPUT 


» THERMAL SHUT-DOWN 

a» UNDER VOLTAGE PROTECTION 

2 OPEN DRAIN DIAGNOSTIC OUTPUT PENTAWATT PENTAWATT 
» INDUCTIVE LOAD FAST DEMAGNETIZATION (vertical) (horizontal) 
» VERY LOW STAND-BY POWER DISSIPATION 

DESCRIPTION 

The VNO3 is a monolithic device made using X 

SGS-THOMSON Vertical Intelligent Power | PENTAWATT 
Technology, intended for driving resistive or Xp (in-line) 


inductive loads with one side grounded. 
Built-in thermal shut-down protects the chip from 
over temperature and short circuit. 


The open drain diagnostic output indicates: open ORDER CODES: 

load in off state and in on state, output shorted to PENTAWATT vertical VNO3 

Vcc and overtemperature. Fast demagnetization PENTAWATT horizontal VNO3 (011Y) 
of inductive loads is archieved by negative (-18V) a |i 

load voltage at turn-off. PENTAWATT in-line VNO3 (012Y) 


BLOCK DIAGRAM 


UNDER 
VOLTAGE 


T) OVER 


FILTER 


5C06270 GROUND 


(*) In= Nominal current according to ISO definition for high side automotive switch (see note 1) 
(#) The maximum continuous output current is the current at T. = 85 °C for a battery voltage of 13 V which does not activate 
self protection 
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ABSOLUTE MAXIMUM RATING 


Symbol Parameter 


Drain-Source Breakdown Voltage a ee 


| in| Reverse Output Current at T. = 85 °C 
Reverse Supply Voltage 
Electrostatic Discharge (1.5 kQ, 100 pF) 

Ptot Power Dissipation at T. = 85 °C 
Junction Operating Temperature 
Storage Temperature 


CONNECTION DIAGRAM 


OUTPUT 
STATUS 
Vec 
INPUT 
GROUND 


PC10000 


CURRENT AND VOLTAGE CONVENTIONS 


SC04660 
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VNO3 

THERMAL DATA 
Rth)-case | Thermal Resistance Junction-case Max 4 °C/W 
Rthy-amb |Thermal Resistance Junction-ambient Max 60 °C/W 


ELECTRICAL CHARACTERISTICS (Vcc = 13 V; -40 < T, < 125 °C unless otherwise specified) 
POWER 


louT=0.7A 


louT=0.7A T, = 25 °C 
T, = 25 °C 


SWITCHING 
ta(on)(*) |Turn-on Delay Time Of |lout = 0.7 A Resistive Load . Us 
Output Current Input Rise Time < 0.1 us 
tr(*) Rise Time Of Output lout = 0.7 A Resistive Load 10 us 
Current Input Rise Time < 0.1 us 
taott)(*) | Turn-off Delay Time Of |lout = 0.7 A Resistive Load 15 Us 
Output Current Input Rise Time < 0.1 us 
Fall Time Of Output lout = 0.7 A Resistive Load 4 US 
Current Input Rise Time < 0.1 us 
(di/dt)on |Turn-on Current Slope {lout =0.7A 0.05 0.5 A/us 
lout = lov 1 A/us 
(di/dt)ore | Turn-off Current Slope |lour=0.7A 0.14 3 A/us 
lout = lov 3 A/us 
Vdemag {Inductive Load Clamp jloutr=0.7A L=1mH -24 -18 -14 V 
Voltage 


LOGIC INPUT 
[Symbol | —Poameter [Fest Gonaions | wn. | ve. [wx | ii 


Input Low Level 
Voltage 
Input High Level 
Voltage 
Vithyst) |!nput Hysteresis 0.5 
Voltage 


Input Current 900 
250 
Vict Input Clamp Voltage lin= 10mA 5.5 
lin =-10 mA a -0.3 ¥ 
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ELECTRICAL CHARACTERISTICS (continued) 
PROTECTION AND DIAGNOSTICS (continued) 


Symbol Test Conditions 


Vstat |Status Voltage Output |Istat = 1.6 mA 
Low 
Vusp Under Voltage Shut 
Down 
VscL Status Clamp Voltage {[Istat = 10 mA 
IstaT = -10 MA 


[eee Current in Rioap << 10mMQ = T.=85°C 


& 


-0.7 


pe) 


oO 
fo) oo : 


Vv 
Vv 
Short Circuit 
lot Open Load Current 
Level 
Ttsp  |Thermal Shut-down 
Temperature 
Reset Temperature 


VoL Open Load Voltage Off-State (note 2) 
Level 
t1(on) Open Load Filtering (note 3) 
Time 
ti (off) Open Load Filtering (note 3) 
Time 
tavoff) Open Load Filtering (note 3) 
Time 


Status Delay (note 3) 
Status Delay (note 3) 


(*) See Switchig Time Waveforms 
(e) The Vin is internally clamped at 6V about. It is possible to connect this pin to an higher voltage via an external resistor 
calculated to not exceed 10 mA at the input pin 
note 1: The Nominal Current is the current at Tc = 85 °C for battery voltage of 13V which produces a voltage drop of 0.5 V 
note 2: lototty = (Vcc -Vor)/Ror (see figure) 
note 3: tion): Minimum open load duration which acctivates the status output 

tiofty! Minimum load recovery time which desactivates the status output 

ta(oft). Minimum on time after thermal shut down which desactivates status output 

tpovi tpot: ISO definition (see figure) 
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Switching Time Waveforms 


input | ! ty (on) | a tg (off) 


t 


SCO06480 


FUNCTIONAL DESCRIPTION 

The device has a diagnostic output which 
indicates open load conditions in off state as well 
as in on state, output shorted to Vcc and 
overtemperature. The truth table shows input, 
diagnostic and output voltage level in normal 
operation and in fault conditions. The output 
signals are processed by internal logic. The 
open load diagnostic output has a 5 ms filtering. 
The filter gives a continuous signal for the fault 
condition after an initial delay of about 5 ms. This 
means that a disconnection during normal 
operation, with a duration of less than 5 ms does 
not affect the status output. Equally, any 
re-connection of less than 5 ms during a 
disconnection duration does not affect the status 
output. No delay occur for the status to go low in 
case of overtemperature conditions. From the 
falling edge of the input signal the status output 
initially low in fault condition (over temperature or 
open load) will go back with a delay (tpovi)in case 
of overtemperature condition and a delay (tpol) in 
case of open load. These feature fully comply 
with International Standard Office (I.S.O.) 
requirement for automotive High Side Driver. 

To protect the device against short circuit and 
over current conditions over the full range of 
supply voltage (Vcc) and temperature, the ther- 
mal protection turns the integrated Power MOS 
off at a minimum junction temperature of 
140 °C. When the temperature returns to 125 °C 
the switch is automatically turned on again. In 
short circuit the protection reacts with virtually 
no delay, the sensor being located in the region 
of the die where the heat is generated. Driving 
inductive loads, an_ internal function of the 
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device ensures the fast demagnetization with a 
typical voltage (Vdemag) of -18V. 

This function allows to greatly reduce the power 
dissipation according to the formula: 

Pdem = 0.5 @ Lioad ¢ (lload)*  [(Vcc+Vdemag)/Vdemag] @ f 
where f = switching frequency and 

Vdemag = demagnetization voltage 

Based on this formula it is possible to know 
the value of inductance and/or current to avoid 
a thermal shut-down. The maximum inductance 
which causes the chip temperature to reach the 
shut down temperature in a specific thermal 
environment, is infact a function of the load 
current for a fixed Vcc, Vdemag and f. 


PROTECTING THE DEVICE AGAIST LOAD 
DUMP - TEST PULSE 5 

The device is able to withstand the test pulse 
No.5 at level Il (Vs = 46.5V) according to the 
ISO T/R 7637/1 without any — external 
component. This means that all functions of the 
device are performed as designed after 
exposure to disturbance at level Il. The VNO3 is 
able to withstand the test pulse No.5 at level Ill 
adding an external resistor of 150 ohm between 
pin 1 and ground plus a filter capacitor of 1000 
uF between pin3 and ground (if RLoap < 20 Q). 


PROTECTING THE 
REVERSE BATTERY 
The simplest way to protect the device against a 
continuous reverse battery voltage (-26V) is to 
insert a Schottky diode between pin 1(GND) and 
ground, as shown in the typical application circuit 
(fig.3). 

The consequences of the voltage drop across 

this diode are as follows: 

— If the input is pulled to power GND, a negative 
voltage of -V+ is seen by the device. (Vil, Vih 
thresholds and Vstat are increased by Vf with 
respect to power GND). 

— The undervoltage shutdown level is increa- 
sed by Vf. 

If there is no need for the control unit to handle 

external analog signals referred to the power 

GND, the best approach is to connect the 

reference potential of the control unit to node [1] 

(see application circuit in fig. 4), which becomes 

the common signal GND for the whole control 

board avoiding shift of Vin, Vii and Vstat. This 
solution allows the use of a standard diode. 
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TRUTH TABLE 


Normal EE 


Under-voltage 
Short load to Vcc 


Figure 1: Waveforms 


NORMAL OPERATION 
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Figure 2: Over Current Test Circuit 
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Figure 3: Typical Application Circuit With A Schottky Diode For Reverse Supply Protection 
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Figure 4: Typical Application Circuit With Separate Signal Ground 
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HIGH SIDE SMART POWER SOLID STATE RELAY 


2 OUTPUT CURRENT (CONTINUOUS): 12A @ 
Te=25°C 

5V LOGIC LEVEL COMPATIBLE INPUT 
THERMAL SHUT-DOWN 

UNDER VOLTAGE SHUT-DOWN 

OPEN DRAIN DIAGNOSTIC OUTPUT PENTAWATT PENTAWATT 
VERY LOW STAND-BY POWER (vertical) (horizontal) 
DISSIPATION 


DESCRIPTION 

The VNO5N is a monolithic device made using 
SGS-THOMSON Vertical Intelligent + Power Soh PENTAWATT 
Technology, intended for driving resistive or Vv (in-line) 
inductive loads with one side grounded. 

Built-in thermal shut-down protects the chip from 


over temperature and short circuit. ORDER CODES: 
The input control is 5V logic level compatible. PENTAWATT vertical VNO5N 
The open drain diagnostic output indicates open PENTAWATT horizontal VNOSN (011Y) 


circuit (no load) and over temperature status. PENTAWATT in-line VNOSN (012Y) 


BLOCK DIAGRAM 


OUTPUT 


GROUND 
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ABSOLUTE MAXIMUM RATING 


[ Viomoss [Drain-Source Breakdown Voltage =SS*~=~“~*‘“*~*é*dCSC“‘“ SCSC*dSC CW 
tn [Reverse Output Curent ——SS=~=<“—*‘~*~*~“*~“‘*‘“*~*s*ésSC‘“‘“ SCOCSC*d;CA*d 
Pw [input Curent SSSSC~—~S~S~S~SSYSSC<C~saOSSC*dSC 
Electrostatic Discharge (1.5 kQ, 100 pF) 
Power Dissipation at Tc < 25 °C 
| T, [Junction Operating Temperature 


CONNECTION DIAGRAM 


OUTPUT 
STATUS 
Vec 
INPUT 
GROUND 


PC10000 


CURRENT AND VOLTAGE CONVENTIONS 
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THERMAL DATA 


Rthj-case | Thermal Resistance Junction-case 
Rthj-amb Thermal Resistance Junction-ambient 


ELECTRICAL CHARACTERISTICS (Vcc = 13 V; -40 < T, < 125 °C unless otherwise specified) 
POWER 


| Veco | Supply Voltage 


On State Resistance louT=6A 
louT=6A T,; = 25 °C 


Supply Current Off State 1T,225°C 
On State 


SWITCHING 
tajon) |Turn-on Delay Time Of |lout = 6 A Resistive Load 15 
Output Current Input Rise Time < 0.1 us T, = 25°C 
tr Rise Time Of Output lout = 6 A Resistive Load 
Current Input Rise Time < 0.1 us T, = 25°C 
taott) | Turn-off Delay Time Of |lout = 6 A Resistive Load 
Output Current Input Rise Time < 0.1 us T, = 25 °C 
tt Fall Time Of Output lout = 6 A Resistive Load 
Current Input Rise Time < 0.1 us Tj = 25°C 
(di/dt)on |Turn-on Current Slope |lour=6A 0.5 A/us 
lout = lov 2 A/us 
(di/dt)ote |Turn-off Current Slope |lour=6A 2 A/us 
lout = lov 4 A/us 
LOGIC INPUT 


[Symbol [—_poemeter [Test onaivons wins [ym [ex [oa 


Input Low Level 
Voltage 
Input High Level (*) 
Voltage 
Vitnyst) |Input Hysteresis 
Voltage 


7a Input Clamp Voltage rT = 10mA 
lin =-10 mA Le ¥ 


PROTECTIONS AND DIAGNOSTICS 
Cin. [ typ. | max. [ Unit 


de Voltage Output [Istar = 1.6 mA ae he 
Vuspb Under Voltage Shut 
Down 
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ELECTRICAL CHARACTERISTICS (continued) 
PROTECTION AND DIAGNOSTICS (continued) 


tsc Switch-off Time in 
Short Circuit Condition 
om Start- ect ae 


| lov [Over Current Current 


Open Load Current 
Level 


Trsp  |Thermal Shut-down 
Temperature 
Reset Temperature 


calculated to not exceed 10 mA at the input pin. 
(e) Status determination > 100 ps after the switching edge 


FUNCTIONAL DESCRIPTION 

The device has a diagnostic output which 
indicates open circuit (no load) and over 
temperature conditions. The output signals are 
processed by internal logic. 

To protect the device against short circuit and 
over-current condition over the full range of 
supply voltage (Vcc) and temperature, the 
thermal protection turns the integrated Power 
MOS off at a minimum junction temperature of 
140 °C. When the temperature returns to about 
125 °C the switch is automatically turned on 
again. 

In short circuit conditions the protection reacts 
with virtually no delay, the sensor being located in 
the region of the die where the heat is generated. 


PROTECTING THE DEVICE AGAINST REVER- 
SE BATTERY 

The simplest way to protect the device against a 
continuous reverse battery voltage (-26V) is to 
insert a Schottky diode between pin 1 (GND) and 
ground, as shown in the typical application circuit 


4/7 


Test Conditions 


Vsct (¢) {Status Clamp Voltage |Istat = 10 mA 
IstatT = -10 MA 


Rioap < 10 mQ 


Te = 25°C 


[Ruoan < 10mQ = -40< Te < 125 °C | Ruoan< 10mQ = -40<T.<125°C | | 


Average Current in Rioap << 10 MQ Te = 85 °C 
Short Circuit 


Rioap < 10 mQ 


V 
V 
aie 


(*) The Vin Is internally clamped at 6V about. It is possible to connect this pin to an higher voltage via an external resistor 


(fig. 3). 

The consequences of the voltage drop across 

this diode are as follows: 

— If the input is pulled to power GND, a negative 
voltage of -VF is seen by the device. (ViL, Vin 
thresholds and Vstat are increased by Vr with 
respect to power GND). 

— The undervoltage shutdown level is increased 
by Ve. 

If there is no need for the control unit to handle 

external analog signals referred to the power 

GND, the best approach is to connect the 

reference potential of the control unit to node [1] 

(see application circuit in fig. 4), which becomes 

the common signal GND for the whole control 

board. 

In this way no shift of Vin, Vi and Vstat takes 

place and no negative voltage appears on the 

INPUT pin; this solution allows the use of a 

standard diode, with a breakdown voltage able to 

handle any ISO normalized negative pulses that 
occours in the automotive environment. 
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TRUTH TABLE 
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STATUS STATUS 
OPEN LOAD 


switcy ON » NORMAL SWITCH 


OFF OPERATION 


1 OUT ae 


INPUT | | | | | INPUT 
STATUS 


| UL THERMAL 
anne a a SHUTDOWN 
SWITCH OFF | UNDER SWITCH OFF | | | | | 
a or a a ae 


VOLTAGE 


louT | | QUT AVI \ / \ 


5 a EE 9 Lae Ge 


140°C 


SC04630 


Figure 2: Over Current Test Circuit 
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Figure 3: Typical Application Circuit With A Schottky Diode For Reverse Supply Protection 
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ISO HIGH SIDE SMART POWER SOLID STATE RELAY 


PRELIMINARY DATA 


« MAXIMUM CONTINUOUS OUTPUT 
CURRENT (#): 8.5 A @ Tc= 85°C 
5V LOGIC LEVEL COMPATIBLE INPUT 


» THERMAL SHUT-DOWN 

a UNDER VOLTAGE PROTECTION 

» OPEN DRAIN DIAGNOSTIC OUTPUT PENTAWATT PENTAWATT 
» INDUCTIVE LOAD FAST DEMAGNETIZATION (vertical) (horizontal) 
» VERY LOW STAND-BY POWER DISSIPATION 

DESCRIPTION 

The VNO6 is a monolithic device made using NN 

SGS-THOMSON Vertical Intelligent Power PENTAWATT 
Technology, intended for driving resistive or (in-line) 


inductive loads with one side grounded. 
Built-in thermal shut-down protects the chip from 
over temperature and short circuit. 


The open drain diagnostic output indicates: open ORDER CODES: 

load in off state and in on state, output shorted to PENTAWATT vertical VNO6 

Vcc and overtemperature. Fast demagnetization PENTAWATT horizontal VNO6 (011Y) 
of inductive loads is archieved by negative (-18V) PENTAWATT in-line VNO6 (012) 
load voltage at turn-off. 


BLOCK DIAGRAM 


UNDER 
VOLTAGE 


T} OVER 
DELAY 
STATUS 


5C06270 


FILTER 


GROUND 


(*) In= Nominal current according to ISO definition for high side automotive switch (see note 1) 
(#) The maximum continuous output current is the current at T. = 85 °C for a battery voltage of 13 V which does not activate 
self protection 
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ABSOLUTE MAXIMUM RATING 


| Vienjoss [Drain-Source Breakdown Voltage | | 
| In Reverse Output Current at Tc = 85 °C 
pee © | 


-Vcec Reverse Supply Voltage -4 


Electrostatic Discharge (1.5 kQ, 100 pF) | 2000 
|, [Junction Operating Temperature -40 to 150 


q 
Storage Temperature -55 to 150 


CONNECTION DIAGRAM 


OUTPUT 
STATUS 
Vec 
INPUT 
GROUND 


PC10000 


CURRENT AND VOLTAGE CONVENTIONS 
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THERMAL DATA 


ELECTRICAL CHARACTERISTICS (Vcc = 13 V; -40 < Tj < 125 °C unless otherwise specified) 
POWER 


[Symbot [Parameter [Test Conditions ‘(| wins | Typ. | Wax. | Unit 
[Yeo [Seon vos [tse Pe Ps Tv 


On State Resistance lour=1.9A 0.36 Q 
lour=1.9A T,=25°C 0.18 Q 

Is Supply Current Off State 1T,225°C 50 uA 
On State 15 mA 


SWITCHING 
tdion)(*) | Turn-on Delay Time Of pet Senattons = 1.9 A Resistive Load 
Output Current Input Rise Time < 0.1 us 
Rise Time Of Output lout = 1.9 A Resistive Load 
Current Input Rise Time < 0.1 us 
ta(ott)(*) | Turn-off Delay Time Of |lout = 1.9 A Resistive Load 
Output Current Input Rise Time < 0.1 us 
Fall Time Of Output lout = 1.9 A Resistive Load Us 
Current Input Rise Time < 0.1 us 
(di/dt)on |Turn-on Current Slope |lourT=1.9A 0.08 0.5 
lout = lov 1 
(di/dt)o# |Turn-off Current Slope /lour=1.9A 0.2 : 
lout = lov 
Vdemag |Inductive Load Clamp |lour=1.9A L=1mH 
Voltage 


LOGIC INPUT 
[Symbol | _Parameter | ‘Test Conditions __| Min. | Typ. | Max | Unit_ 
Vit Input Low Level V 
Voltage 
VIH Input High Level 2 (e) V 
Voltage 
Vithyst) |Input Hysteresis 
Voltage 


Input Current 500 
250 
Vict Input Clamp Voltage lin = 10 mA 5.5 
lin =-10 mA Pe -0.3 ’ 
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ELECTRICAL CHARACTERISTICS (continued) 
PROTECTION AND DIAGNOSTICS (continued) 


Symbol Test Conditions 


Vstat |Status Voltage Output [Istat = 1.6 MA 
Low 
Vusp Under Voltage Shut 
Down 
VscL Status Clamp Voltage j|Istat= 10 mA 6 
Istat = -10 mA -0.7 
lot Open Load Current 


| [Over Current [Roan < 10 mQ_ —-40 < Te $ 125 °C 
5 180 
Level 


OV 
lav Average Current in Riroap << 10 mMQ = =T. =85°C 

Short Circuit 

Ttsp Thermal Shut-down 40 
Temperature 

Vor Open Load Voltage Off-State (note 2) 2.5 3.75 
Level 

t1(on) Open Load Filtering (note 3) 1 
Time 

tioft) |Open Load Filtering (note 3) 1 
Time 

toot) |Open Load Filtering (note 3) 1 
Time 


tpovi Status Delay (note 3) i 
Status Delay (note 3) | 50 | 


(*) See Switchig Time Waveforms 
(©) The Vin is internally clamped at 6V about. It is possible to connect this pin to an higher voltage via an external resistor 
calculated to not exceed 10 mA at the input pin. 
note 1: The Nominal Current ts the current at Tc = 85 °C for battery voltage of 13V which produces a voltage drop of 0.5 V 
note 2: loot) = (Vcc -Vor)/Ror (see figure) 
note 3: t1(on): Minimum open load duration which acctivates the status output 

tioft): minimum load recovery time which desactivates the status output 

toot): Minimum on time after thermal shut down which desactivates status output 

tpov! tpoi: ISO definition (see figure) 
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Note 2 Relevant Figure Note 3 Relevant Figure 
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Switching Time Waveforms 


input | | ty (on) | = ty (off) 


t 
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FUNCTIONAL DESCRIPTION 

The device has a diagnostic output which 
indicates open load conditions in off state as well 
as in on state, output shorted to Vcc and 
overtemperature. The truth table shows input, 
diagnostic and output voltage level in normal 
operation and in fault conditions. The output 
signals are processed by internal logic. The 
open load diagnostic output has a 5 ms filtering. 
The filter gives a continuous signal for the fault 
condition after an initial delay of about 5 ms. This 
means that a disconnection during normal 
operation, with a duration of less than 5 ms does 
not affect the status output. Equally, any 
re-connection of less than 5 ms during a 
disconnection duration does not affect the status 
output. No delay occur for the status to go low in 
case of overtemperature conditions. From the 
falling edge of the input signal the status output 
initially low in fault condition (over temperature or 
open load) will go back with a delay (tpovi)in case 
of overtemperature condition and a delay (tpol) in 
case of open load. These feature fully comply 
with International Standard Office  (I.S.O.) 
requirement for automotive High Side Driver. 

To protect the device against short circuit and 
over current conditions over the full range of 
supply voltage (Vcc) and temperature, the ther- 
mal protection turns the integrated Power MOS 
off at a minimum junction temperature of 
140 °C. When the temperature returns to 125 °C 
the switch is automatically turned on again. In 
short circuit the protection reacts with virtually 
no delay, the sensor being located in the region 
of the die where the heat is generated. Driving 
inductive loads, an_ internal function of the 
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device ensures the fast demagnetization with a 
typical voltage (Vdemag) of -18V. 

This function allows to greatly reduce the power 
dissipation according to the formula: 

Pdem = 0.5 e@ Lioag © (ltoad)* e [(Vcc+Vdemag)/Vdemag] @ f 
where f = switching frequency and 

Vdemag = demagnetization voltage 

Based on this formula it is possible to know 
the value of inductance and/or current to avoid 
a thermal shut-down. The maximum inductance 
which causes the chip temperature to reach the 
shut down temperature in a specific thermal 
environment, is infact a function of the load 
current for a fixed Vcc, Vdemag and f. 


PROTECTING THE DEVICE AGAIST LOAD 
DUMP - TEST PULSE 5 

The device is able to withstand the test pulse 
No.5 at level Il (Vs = 46.5V) according to the 
ISO T/R 7637/1 without any — external 
component. This means that all functions of the 
device are performed as_ designed after 
exposure to disturbance at level Il. The VNO6 is 
able to withstand the test pulse No.5 at level Ill 
adding an external resistor of 150 ohm between 
pin 1 and ground plus a filter capacitor of 1000 
uF between pin 3 and ground (if Rtoap < 20 Q). 


PROTECTING THE 

REVERSE BATTERY 

The simplest way to protect the device against a 

continuous reverse battery voltage (-26V) is to 

insert a Schottky diode between pin 1(GND) and 
ground, as shown in the typical application circuit 

(fig.3). 

The consequences of the voltage drop across 

this diode are as follows: 

— If the input is pulled to power GND, a negative 
voltage of -Vi is seen by the device. (Vil, Vih 
thresholds and Vstat are increased by Vf with 
respect to power GND). 

~ The undervoltage shutdown level is increa- 
sed by Vf. 

If there is no need for the control unit to handle 

external analog signals referred to the power 

GND, the best approach is to connect the 

reference potential of the control unit to node [1] 

(see application circuit in fig. 4), which becomes 

the common signal GND for the whole control 

board avoiding shift of Vih, Vu and Vsta. This 
solution allows the use of a standard diode. 
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TRUTH TABLE 


NORMAL OPERATION 


Input Input | | | | | 
load 
current status | 


| | 


yt 
ane See ee hae ee a 
switch | | | 
delta te tton —wL ly | | 
LT | 


|->-—«— tioft t1on —ot—_—_- | | —»l—t< | pol 
t10n —»}—_+<- delta t< t1on —» He 


eee ee i 
on/off 
THERMAL SHUTDOWN UNDER VOLTAGE 


Input input | | | | | 


load 


current 
status | 
on 
switch | 
I | off 


delta t<t 2off 11 —plte— povl 


status | | | 
T 1 1 lout | 
switch 
onfeth ese Le SCOB450 


Figure 2: Over Current Test Circuit 
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Figure 3: Typical Application Circuit With A Schottky Diode For Reverse Supply Protection 
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Figure 4: Typical Application Circuit With Separate Signal Ground 
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Rpsion) VS Junction Temperature 
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Open Load vs Junction Temperature 
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ISO HIGH SIDE SMART POWER SOLID STATE RELAY 


PRELIMINARY DATA 


TA¥PE | Voss [Rosen | tt) [Veo 


a MAXIMUM CONTINUOUS OUTPUT 
CURRENT (#): 20 A @ Tc= 85°C 
5V LOGIC LEVEL COMPATIBLE INPUT 


« THERMAL SHUT-DOWN 

» UNDER VOLTAGE PROTECTION 

» OPEN DRAIN DIAGNOSTIC OUTPUT PENTAWATT PENTAWATT 
» INDUCTIVE LOAD FAST DEMAGNETIZATION (vertical) (horizontal) 
» VERY LOW STAND-BY POWER DISSIPATION 

DESCRIPTION 

The VN16B is a monolithic device made using N 

SGS-THOMSON Vertical Intelligent Power PENTAWATT 
Technology, intended for driving resistive or p 


inductive loads with one side grounded. 
Built-in thermal shut-down protects the chip from 
over temperature and short circuit. 


The open drain diagnostic output indicates: open ORDER CODES: 

load in off state and in on state, output shorted to PENTAWATT vertical VN1i6B 

Vcc and overtemperature. Fast demagnetization PENTAWATT horizontal VN16B (011) 
of inductive loads is archieved by negative (-18V) PENTAWATT in-line VN16B (012Y) 


load voltage at turn-off. 


BLOCK DIAGRAM 


POWER SUPPLY UNDER VOLTAGE 
joven 


OPENLOAD 
ON 
OPENLOAD 
OFF 


OVERTEMP. 


$C06580 


(*) In= Nominal current according to ISO definition for high side automotive switch (see note 1) 
(#) The maximum continuous output current is the current at Te = 85 °C for a battery voltage of 13 V which does not activate 
self protection 


December 1992 1/7 


519 


VN16B 


ABSOLUTE MAXIMUM RATING 


Output Current (cont.) at Te = 85 °C 
RMS Output Current at T. = 85 °C 
[tn _ [Reverse Output Current at T.= 85°C(F> iH) Sid =SSCSCSSC*dSC CS 
Electrostatic Discharge (1.5 kQ, 100 pF) 
Power Dissipation at Tc = 25 °C 
Junction Operating Temperature 


CONNECTION DIAGRAM 


OUTPUT 
STATUS 
Vec 
INPUT 
GROUND 


PC10000 


CURRENT AND VOLTAGE CONVENTIONS 
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THERMAL DATA 


Rthy-case | Thermal Resistance Junction-case 
Rth-amb |Thermal Resistance Junction-ambient 


ELECTRICAL CHARACTERISTICS (8 < Vcc < 16 V; -40 < T, < 125 °C unless otherwise specified) 
POWER 


[Symbot [Parameter [Test Gonvons | win. [ yp. [ mex | it 
A 


a On State Resistance |lour=!n Vec=13V 1,=25°C | 0.038 OE cal a 


Supply Current Off State Voc =13V T,>25°C | | 25 | 50 | pA | 
Maximum Voltage Drop |lout= 20A Voc =13V Teo = 85°C So eas 


Output to GND Internal |T, = 25 °C 5 10 20 KQ 
Impedance 


SWITCHING 
Symbol Test Conditions 
td(on)(*) |Turn-on Delay Time Of |Rioag = 1.6 Q 
Output Current 
Rise Time Of Output Rioad = 1.6 Q 
Current 
tacott)(*) | Turn-off Delay Time Of |Rioag = 1.6 Q 10 100 500 US 
Output Current 
Fall Time Of Output Rioad = 1.6 Q 
Current 


a Jo [Turn-off Current Slope |Rioag=1.6Q Voc = 13 V 0.008 et 
“oe 


Vdemag |Inductive Load Clamp |Rioag= 1.62 L=1mH 
Voltage 


LOGIC INPUT 


Input Low Level 
Voltage 

Vin Input High Level! 
Voltage 

Vithyst) |Input Hysteresis 
Voltage 


| in [Input Current Input Current Vin=5V VIn=5V  T=25° | = 25 °C bene agas —— 
; 


Input Clamp Voltage lin = 10 mA 
lin =-10 mA 


-14 
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ELECTRICAL CHARACTERISTICS (continued) 
PROTECTION AND DIAGNOSTICS (continued) 


Symbol Test Conditions 


Status Voltage Output |Istat = 1.6 MA 
Low 


Vsei Status Clamp Voltage jIlstar = 10 mA 
Istat = -10 mA 
Ttsp  |Thermal Shut-down 
Temperature 


Tsp(hyst) | Thermal Shut-down 15 50 6 
Hysteresis 
Reset Temperature {| 5 | 


40 
TR 
Vo. {Open Voltage Level _—_[Off-State (note 2) 5 
lot 


=a 

| Vou 

ee ee 
Level 

thou | Pee 


| tpor_—_—«([Status Delay (note 3) 400 


(*) In= Nominal current according to ISO definition for high side automotive switch (see note 1) 

(4) See Switchig Time Waveforms 

(e) The Vin is internally clamped at 6V about. It is possible to connect this pin to an higher voltage via an external resistor 
calculated to not exceed 10 mA at the input pin. 

note 1: The Nominal Current is the current at Tc = 85 °C for battery voltage of 13V which produces a voltage drop of 0.5 V 
note 2: loot) = (Vcc -Vor)/Ror (see figure) 

note 3: tpovi topo: ISO definition (see figure) 


Note 2 Relevant Figure Note 3 Relevant Figure 


Input 
voltage 


0.8V 


Fault 
voltage 
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tool OF tpovi 
$C05370 P P 


SCO6380 


ge ky7 Scs:-THomson 


MICROELECTROMICS 
522 


Switching Time Waveforms 


VN16B 


input | | | ty (on) lL. - ty (off) 


t 


FUNCTIONAL DESCRIPTION 

The device has a diagnostic output which 
indicates open load in on-state, open load in 
off-state, over temperature conditions and 
stuck-on to Vcc. 

From the falling edge of the input signal, the 
status output, initially low to signal a fault 
condition (overtemperature or open _ load 
on-state), will go back to a high state with a 
different delay in case of overtemperature (tpovl) 
and in case of open open load (tpol) respectively. 
This feature allows to discriminate the nature of 
the detected fault. To protect the device against 
short circuit and over current condition over the 
full range of supply voltage (Vcc) and 
temperature, the thermal protection turns the 
integrated Power MOS off at a minimum junction 
temperature of 140 °C. When this temperature 
returns to 125 °C the switch is automatically 
turned on again. In short circuit the protection 
reacts with virtually no delay, the sensor being 
located inside the Power MOS area. An internal 
function of the devices ensures the fast 
demagnetization of inductive loads with a typical 
voltage (Vdemag) of -18V. This function allows to 
greatly reduces the power dissipation according 
to the formula: 


Pdem = 0.5 © Lioad # (Iioad)* © [(Vec+Vdemag)/Vdernag] ® f 
where f = switching frequency and 
Vdemag = demagnetization voltage. 
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The maximum inductance which causes the chip 
temperature to reach the shut-down temperature 
in a specified thermal environment is a function of 
the load current for a fixed Vcc, Vdemag and f 
according to the above formula. In this device if 
the GND pin is disconnected, with Vcc not 
exceeding 16V, it will switch off. 


PROTECTING THE 

REVERSE BATTERY 

The simplest way to protect the device against a 

continuous reverse battery voltage (-26V) is to 

insert a Schottky diode between pin 1 (GND) and 
ground, as shown in the typical application circuit 

(fig.3). 

The consequences of the voltage drop across 

this diode are as follows: 

— If the input is pulled to power GND, a negative 
voltage of -V+ is seen by the device. (Vil, Vih 
thresholds and Vstat are increased by Vf with 
respect to power GND). 

— The undervoltage shutdown level! is increa- 
sed by Vf. 

If there is no need for the contro! unit to handle 

external analog signals referred to the power 

GND, the best approach is to connect the 

reference potential of the control unit to node [1] 

(see application circuit in fig. 3), which becomes 

the common signal GND for the whole control 

board avoiding shift of Vin, Vi and Vstat. This 
solution allows the use of a standard diode. 


DEVICE AGAINST 
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TRUTH TABLE 


Open Load H L 
L L (#) 
#) 


(#) With an additional external resistor 


Figure 1: Waveforms 
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Figure 2: Over Current Test Circuit 
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SC04671 
POWER GND 


Figure 4: Typical Application Circuit With Separate Signal Ground 
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HIGH SIDE SMART POWER SOLID STATE RELAY 


[avre [Voss [Rosen | tour | Veo 


a OUTPUT CURRENT (CONTINUOUS): 28A @ 
Te=25°C 

5V LOGIC LEVEL COMPATIBLE INPUT 
THERMAL SHUT-DOWN 

UNDER VOLTAGE SHUT-DOWN 


OPEN DRAIN DIAGNOSTIC OUTPUT PENTAWATT PENTAWATT 
VERY LOW STAND-BY POWER (vertical) (horizontal) 
DISSIPATION 

DESCRIPTION 

The VN20N is a monolithic device made using 

SGS-THOMSON Vertical Intelligent Power PENTAWATT 

Technology, intended for driving resistive or (in-line) 


inductive loads with one side grounded. 
Built-in thermal shut-down protects the chip from 


over temperature and short circuit. ORDER CODES: 

The input control is 5V logic level compatible. PENTAWATT vertical VN20N 

The open drain diagnostic output indicates open PENTAWATT horizontal VN2O0N (011Y) 
circuit (no load) and over temperature status. PENTAWATT in-line VN2O0N (012Y) 


BLOCK DIAGRAM 


OUTPUT 


GROUND 
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ABSOLUTE MAXIMUM RATING 


F Viemoss [Drain-Source Breakdown Voltage SSSSCS~<“C~*~idSC‘“‘(“SCSCSCSC*d;SCCS 

Fin [Reverse Output Curent ——SSSCS~“—~S~—S~S~sSSC“*‘“aSCSC*dSCCS 

Pim [inputCurent —SS™S~—~SsSSSSSSS Cm 

Electrostatic Discharge (1.5 kQ, 100 pF) 

Power Dissipation at T. < 25 °C a ene 
| -40to 150 


Junction Operating Temperature 
Storage Temperature -55 to 150 


CONNECTION DIAGRAM 


OUTPUT 
STATUS 
Vec 
INPUT 
GROUND 


PC10000 


CURRENT AND VOLTAGE CONVENTIONS 
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THERMAL DATA 


Rthj-case | Thermal Resistance Junction-case 
Rth-amb | Thermal Resistance Junction-ambient 


ELECTRICAL CHARACTERISTICS (Vcc = 13 V; -40 < Tj < 125 °C unless otherwise specified) 
POWER 


[Symbor [Parameter | Test Gonaitions | min. | Typ. | Max. 
[vec [Suppyvotage | SSs—~—“—~s—sSs~—“—s~i Yr 


On State Resistance lour=14A 0.1 Q 
louT=14A T, = 25 °C 0.05 Q 
Supply Current Off State T,225°C 50 pA 
On State 15 mA 
SWITCHING 
Turn-on Delay Time Of |lout = 14 A Resistive Load 30 us 
Output Current Input Rise Time < 0.1 ps T, = 25°C 
Rise Time Of Output lout = 14 A Resistive Load 70 us 
Current Input Rise Time < 0.1 us T,= 25°C 
Turn-off Delay Time Of |lout = 14 A Resistive Load 40 us 
Output Current Input Rise Time <0.i us T,= 25°C 
Fall Time Of Output lout = 14 A Resistive Load 
Current Input Rise Time < 0.1 us Tj = 25°C 
(di/dt)on |Turn-on Current Slope |lour=14A 0.5 A/us 
lout = lov 2 A/us 
(di/dt)ot | Turn-off Current Slope |lour=14A 
lout = lov 


LOGIC INPUT 


PROTECTIONS AND DIAGNOSTICS . 


Vstat (*) |Status Voltage Output [Istat = 1.6 MA 
Low 
Vusp Under Voltage Shut 
Down 
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ELECTRICAL CHARACTERISTICS (continued) 
PROTECTION AND DIAGNOSTICS (continued) 


tsc Switch-off Time in 
Short Circuit Condition 
at Start-Up 


Test Conditions 


Rioap <10mMQ Te =25°C 


Average Current in Rroap<10mMQ Te= 
Short Circuit 
Open Load Current 
Level 
Ttsp Thermal Shut-down 
Temperature 


Reset Temperature 


(*) The a is internally clamped at 6V about. It is possible to connect this pin to an es voltage via an external resistor 
calculated to not exceed 10 mA at the input pin. 
(e) Status determination > 100 us after the switching edge. 


FUNCTIONAL DESCRIPTION 

The device has a diagnostic output which 
indicates open circuit (no load) and over 
temperature conditions. The output signals are 
processed by internal logic. 

To protect the device against short circuit and 
over-current condition over the full range of 
supply voltage (Vcc) and temperature, the 
thermal protection turns the integrated Power 
MOS off at a minimum junction temperature of 
140 °C. When the temperature returns to about 
125 °C the switch is automatically turned on 
again. 

In short circuit conditions the protection reacts 
with virtually no delay, the sensor being located in 
the region of the die where the heat is generated. 


PROTECTING THE DEVICE AGAINST REVER- 
SE BATTERY 

The simplest way to protect the device against a 
continuous reverse battery voltage (-26V) is to 
insert a Schottky diode between pin 1 (GND) and 
ground, as shown in the typical application circuit 


4/7 


(fig. 3). 

The consequences of the voltage drop across 

this diode are as follows: 

— lf the input is pulled to power GND, a negative 
voltage of -Vr is seen by the device. (Vit, Vin 
thresholds and Vstat are increased by Vr with 
respect to power GND). 

— The undervoltage shutdown level is increased 
by Vr. 

If there is no need for the control unit to handle 

external analog signals referred to the power 

GND, the best approach is to connect the 

reference potential of the contro! unit to node [1] 

(see application circuit in fig. 4), which becomes 

the common signal GND for the whole control 

board. 

In this way no shift of Vin, Vic and Vstat takes 

place and no negative voltage appears on the 

INPUT pin; this solution allows the use of a 

standard diode, with a breakdown voltage able to 

handle any ISO normalized negative pulses that 
occours in the automotive environment. 
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TRUTH TABLE 
Ra ate ell INPUT OUTPUT DIAGNOSTIC 


Normal Operation 
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Figure 1: Waveforms 


INPUT INPUT 


STATUS pIAtUS 


oP 
ON NORMAL aed EN LOAD 


Sue OFF OPERATION 


lout re 


INPUT | | | | | INPUT 
STATUS 


an an SHUTDOWN 
SWITCH OFF | UNDER SWITCH OFF | | | | | 


VOLTAGE Se 140°C 


lout | lout AVY! \ | \ 


ee 5 


$C04690 


Figure 2: Over Current Test Circuit 
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Figure 3: Typical Application Circuit With A Schottky Diode For Reverse Supply Protection 
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Figure 4: Typical Application Circuit With Separate Signal Ground 
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Rps(on) vS Junction Temperature 
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ISO HIGH SIDE SMART POWER SOLID STATE RELAY 


PRELIMINARY DATA 


» MAXIMUM CONTINUOUS OUTPUT 
CURRENT (#): 20 A @ Tc= 85°C 

5V LOGIC LEVEL COMPATIBLE INPUT 
THERMAL SHUT-DOWN 

UNDER VOLTAGE PROTECTION 

OPEN DRAIN DIAGNOSTIC OUTPUT 
INDUCTIVE LOAD FAST DEMAGNETIZATION 
VERY LOW STAND-BY POWER DISSIPATION 


DESCRIPTION 

The VN21 is a monolithic device made using 
SGS-THOMSON Vertical Intelligent Power 
Technology, intended for driving resistive or 
inductive loads with one side grounded. 

Built-in thermal shut-down protects the chip from 
over temperature and short circuit. 


’ PENTAWATT 
(vertical) 


PENTAWATT 
(horizontal) 


PENTAWATT 
(in-line) 


The open drain diagnostic output indicates: open 
load in off state and in on state, output shorted to 
Vcc and overtemperature. Fast demagnetization 
of inductive loads is archieved by negative (-18V) 
load voltage at turn-off. 


BLOCK DIAGRAM 


UNDER 
VOLTAGE 


T) OVER 


FILTER 


SC06270 


ORDER CODES: 
PENTAWATT vertical VN21 
PENTAWATT horizontal VN21 (011Y) 
PENTAWATT in-line VN21 (012Y) 


GROUND 


(*) In= Nominal current according to ISO definition for high side automotive switch (see note 1) 
(#) The maximum continuous output current is the current at T-. = 85 °C for a battery voltage of 13 V which does not activate 


self protection 
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ABSOLUTE MAXIMUM RATING 


lout |Output Current (cont.) at Tc. = 85 °C 


Electrostatic Discharge (1.5 kQ, 100 pF) 


Junction Operating Temperature -40 to 150 


[a0 10 150s #0 


Storage Temperature 


OUTPUT 
STATUS 
Vec 
INPUT 
GROUND 


PC10000 


CURRENT AND VOLTAGE CONVENTIONS 


SC04660 
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THERMAL DATA 


Rthy-case | Thermal Resistance Junction-case 
Rthj-amb | Thermal Resistance Junction-ambient 


ELECTRICAL CHARACTERISTICS (Vcc = 13 V; -40 < T, < 125 °C unless otherwise specified) 
POWER 


[Symbot [Parameter [Test Conditions | min. | Typ. | Max. | Unit | 
[Vee [Suppiyvotage -[ Os—s—=—“—~*~*~‘“—*~*~*~s SS | Pw | CY 


On State Resistance lout=7A 0.10 Q 
louT=7A T; = 25 2C¢ 0.05 Q 

Is Supply Current Off State 1T,225°C 50 yA 
On State 15 mA 


SWITCHING 
td(on)(*) |Turn-on Delay Time Of |lout = 7 A Resistive Load us 
Output Current Input Rise Time < 0.1 us 
tr(4) Rise Time Of Output lout = 7 A Resistive Load 70 us 
Current Input Rise Time < 0.1 ps 
taoff)(*) | Turn-off Delay Time Of |lout = 7 A Resistive Load us 
Output Current Input Rise Time < 0.1 us 
Fall Time Of Output lout = 7 A Resistive Load 25 us 
Current Input Rise Time < 0.1 us 
(di/dt)on |Turn-on Current Slope |loutT=7A 0.08 0.5 A/us 
lout = lov | A/us 
(di/dt)ots |Turn-off Current Slope |lour=7A 0.2 3 A/us 
lout = lov 3 A/us 
Vdemag |Inductive Load Clamp |lour=7A L=1mH -24 -18 -14 V 
Voltage 
LOGIC INPUT 
Input Low Level 
Voltage 
Input High Level 
Voltage 


jeer aoe | Hysteresis 
[ee nee 


| Input Current 
Vict Input Clamp Voltage lin = 10mA 5.5 6 V 
lin =-10 mA -0.7 -0.3 V 
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ELECTRICAL CHARACTERISTICS (continued) 
PROTECTION AND DIAGNOSTICS (continued) 


Symbol Test Conditions 


Vstat |Status Voltage Output |Istat = 1.6 mA 
Low 
Vusp Under Voltage Shut 
Down 
Vsci Status Clamp Voltage [Istar= 10 mA 
Istat = -10 MA 


lov _|OverCurrent | Ruoan < 10 MQ -40 < Tes 125 °C 
lav Average Current in Rioan<10MQ = T,. = 85°C 

Short Circuit 
lon 


Open Load Current 
Level 


Temperature 


Reset Temperature 


Open Load Voltage Off-State (note 2) 2.5 3.75 

Level 

ti(on) Open Load Filtering (note 3) 1 5 
Time 

t1 (off) Open Load Filtering (note 3) 1 5 
Time 

taioff) Open Load Filtering (note 3) 1 
Time 


tpovi Status Delay (note 3) 
tool Status Delay (note 3) 


(‘) See Switchig Time Waveforms 
(e) The Vin is internally clamped at 6V about. It is possible to connect this pin to an higher voltage via an external resistor 
calculated to not exceed 10 mA at the input pin. 
note 1: The Nominal Current is the current at Tc = 85 °C for battery voltage of 18V which produces a voltage drop of 0.5 V 
note 2: lo.ott) = (Vcc -Vor)/Ror (see figure) 
note 3: tion): Minimum open load duration which acctivates the status output 

tiofty: minimum load recovery time which desactivates the status output 

tootty: Minimum on time after thermal shut down which desactivates status output 

tpovi tpor: ISO definition (see figure) 
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Note 2 Relevant Figure Note 3 Relevant Figure 


Input 
voltage 


0.8V 


Fault 
voltage 


0.8V 


—>———*—__ tpal oF tpovi 
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Switching Time Waveforms 


input | | tg (on) Bele ty (off) 


{ 


SCO6480 


FUNCTIONAL DESCRIPTION 

The device has a diagnostic output which 
indicates open load conditions in off state as well 
as in on state, output shorted to Vcc and 
overtemperature. The truth table shows input, 
diagnostic and output voltage level in normal 
operation and in fault conditions. The output 
signals are processed by internal logic. The 
open load diagnostic output has a 5 ms filtering. 
The filter gives a continuous signal for the fault 
condition after an initial delay of about 5 ms. This 
means that a disconnection during normal 
operation, with a duration of less than 5 ms does 
not affect the status output. Equally, any 
re-connection of less than 5 ms during a 
disconnection duration does not affect the status 
output. No delay occur for the status to go low in 
case of overtemperature conditions. From the 
falling edge of the input signal the status output 
initially low in fault condition (over temperature or 
open load) will go back with a delay (tpovi)in case 
of overtemperature condition and a delay (tpot) in 
case of open load. These feature fully comply 
with International Standard Office (1.S.O.) 
requirement for automotive High Side Driver. 

To protect the device against short circuit and 
over current conditions over the full range of 
supply voltage (Vcc) and temperature, the ther- 
mal protection turns the integrated Power MOS 
off at a minimum junction temperature of 
140 °C. When the temperature returns to 125 °C 
the switch is automatically turned on again. In 
short circuit the protection reacts with virtually 
no delay, the sensor being located in the region 
of the die where the heat is generated. Driving 
inductive loads, an_ internal function of the 
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device ensures the fast demagnetization with a 
typical voltage (Vdemag) of -18V. 

This function allows to greatly reduce the power 
dissipation according to the formula: 

Pdem = 0.5 © Lioad © (load) e [((Vcc+Vdemag)/Vdemag] @ f 
where f = switching frequency and 

Vdemag = demagnetization voltage 

Based on this formula it is possible to know 
the value of inductance and/or current to avoid 
a thermal shut-down. The maximum inductance 
which causes the chip temperature to reach the 
shut down temperature in a specific thermal 
environment, is infact a function of the load 
current for a fixed Vcc, Vdemag and f. 


PROTECTING THE DEVICE AGAIST LOAD 
DUMP - TEST PULSE 5 

The device is able to withstand the test pulse 
No. 5 at level Il (Vs = 46.5V) according to the 
ISO T/R 7637/1 without any external 
component. This means that all functions of the 
device are performed as_ designed after 
exposure to disturbance at level Il. The VN21 is 
able to withstand the test pulse No.5 at level Ill 
adding an external resistor of 150 ohm between 
pin 1 and ground plus a filter capacitor of 1000 
uF between pin 3 and ground (if Rtoap < 20 Q). 


PROTECTING THE 
REVERSE BATTERY 
The simplest way to protect the device against a 
continuous reverse battery voltage (-26V) is to 
insert a Schottky diode between pin 1(GND) and 
ground, as shown in the typical application circuit 
(fig.3). 

The consequences of the voltage drop across 

this diode are as follows: 

— If the input is pulled to power GND, a negative 
voltage of -V+ is seen by the device. (Vil, Vih 
thresholds and Vstat are increased by Vf with 
respect to power GND). 

~— The undervoltage shutdown level is increa- 
sed by Vf. 

If there is no need for the control unit to handle 

external analog signals referred to the power 

GND, the best approach is to connect the 

reference potential of the control unit to node [1] 

(see application circuit in fig. 4), which becomes 

the common signal GND for the whole control 

board avoiding shift of Vin, Vu and Vstat. This 
solution allows the use of a standard diode. 


DEVICE AGAINST 
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TRUTH TABLE 


INPUT OUTPUT DIAGNOSTIC 


Normal EE 
? : 
L L 


. 
vetempertre fw 


Figure 1: Waveforms 


OPEN LOAD NORMAL OPERATION 


Input Input | | | _| L_ 
lood 
current status | 


1 | 
Brands er ne pS: ee it Be 
swite | | | | | 
delta tet lt. | | off 
ren |-»—e— tioff tion —s-——+- | | = + += I pol 
Poa delta t< tion —pt- +e 


switch ee ens ee (ere aa ee 
on/off 
THERMAL SHUTDOWN UNDER VOLTAGE 


J 
Input — ff  ©)3©”\..— CO LEN EOr—<CSWC~—~COOO.TDV.}V PDD input | | | 
| 


load 


current 
status | 


deltatct setae Pace t povi 
| 


status 


switch 
on/off SC06450 


Figure 2: Over Current Test Circuit 
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SC04671 
POWER GND 


Figure 4: Typical Application Circuit With Separate Signal Ground 
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HIGH SIDE SMART POWER SOLID STATE RELAY 


PRELIMINARY DATA 


» OUTPUT CURRENT (CONTINUOUS): 36A @ 
Tc=25°C 

5V LOGIC LEVEL COMPATIBLE INPUT 
THERMAL SHUT-DOWN 

UNDER VOLTAGE SHUT-DOWN 

OPEN DRAIN DIAGNOSTIC OUTPUT PENTAWATT PENTAWATT 
VERY LOW STAND-BY POWER (vertical) (horizontal) 
DISSIPATION 


DESCRIPTION 

The VNSON is a monolithic device made using | 

SGS-THOMSON Vertical Intelligent Power PENTAWATT 
Technology, intended for driving resistive or (in-line) 
inductive loads with one side grounded. 


Built-in thermal shut-down protects the chip from 


over temperature and short circuit. ORDER CODES: 
The input control is 5V logic level compatible. PENTAWATT vertical VN30N 
The open drain diagnostic output indicates open PENTAWATT horizontal VN3ON (011Y) 


circuit (no load) and over temperature status. PENTAWATT in-line VNSON (012Y) 


BLOCK DIAGRAM 


GROUND 
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VNSON 


ABSOLUTE MAXIMUM RATING 


Electrostatic Discharge (1.5 kQ, 100 pF) 
ee a 


Power Dissipation at Tc < 25 °C 7 


A 
Junction Operating Temperature -40 to 150 °C 


Storage Temperature 


OUTPUT 
STATUS 
Vec 
INPUT 
GROUND 


PC10000 


CURRENT AND VOLTAGE CONVENTIONS 
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THERMAL DATA 


Rthy)-case |Thermal Resistance Junction-case Max 1.56 °C/W 
Rihy-amb | Thermal Resistance Junction-ambient Max 60 °C/W 


ELECTRICAL CHARACTERISTICS (Vcc = 13 V; -40 < T, < 125 °C unless otherwise specified) 
POWER 


[Symbot [Parameter [Test Conditions | in. [ Typ. | Max. | Unit 


eee Te Ss Ee 
On State Resistance louT=18A 0.06 Q 
louT=18A T,; = 25 °C 0.03 Q 
Supply Current Off State 1T,225°C 50 uA 
On State 15 mA 
SWITCHING 
Symbol Test Conditions 
td(on) Turn-on Delay Time Of |lout = 18 A Resistive Load 
Output Current Input Rise Time <0.1us T,= 25°C 
t Rise Time Of Output lout = 18 A Resistive Load 
Current Input Rise Time < 0.1 us T, = 25°C 
taotty) | Turn-off Delay Time Of jlout = 18 A Resistive Load 
Output Current Input Rise Time < 0.1 us T, = 25°C 


| Min. | Typ. | Max. | Unit | 


r 
tt Fall Time Of Output lout = 18 A Resistive Load 
Current Input Rise Time < 0.1 us T,= 25°C 
(di/dt)on | Turn-on Current Slope |lour=18A 
lout = lov 
i/dt) 


(di/dt)ott |Turn-off Current Slope jlour=18A 
lout = lov 


LOGIC INPUT 


Symbol Test Conditions 


Input Low Level 
Voltage 


Pareseeni sal 
VIH Input High Level 
Voltage 
- Viinyst) [Input Hysteresis 
Voltage 


[in [input current ———‘fWwesvSSCS~S~S~sSS~*dt C00 || 


PROTECTIONS AND DIAGNOSTICS 
id 


Vstat (¢) |Status Voltage Output [Istatr = 1.6 MA 0.4 
Low 
Vusp Under Voltage Shut 
Down 
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ELECTRICAL CHARACTERISTICS (continued) 
PROTECTION AND DIAGNOSTICS (continued) 


Vsci (¢) |Status Clamp Voltage [Istat= 10 mA 
IstaT = -10 MA 
tsc 


Switch-off Time in 
Short Circuit Condition 
at Start-Up 

Rioap < 10 MQ 


Average Current in 
Short Circuit 


Test Conditions 


Rioap <10 MQ T.=25°C 


-40<Te < 125°C 


Rioap < 10 mMQs-T. = 85°C 


(*) The Vin is internally clamped at 6V about. It is possible to connect this pin to an higher voltage via an external resistor 


calculated to not exceed 10 mA at the input pin. 
(e) Status determination > 100 pus after the switching edge 


FUNCTIONAL DESCRIPTION 

The device has a diagnostic output which 
indicates open circuit (no load) and over 
temperature conditions. The output signals are 
processed by internal logic. 

To protect the device against short circuit and 
Over-current condition over the full range of 
supply voltage (Vcc) and temperature, the 
thermal protection turns the integrated Power 
MOS off at a minimum junction temperature of 
140 °C. When the temperature returns to about 
125 °C the switch is automatically turned on 
again. 

In short circuit conditions the protection reacts 
with virtually no delay, the sensor being located in 
the region of the die where the heat is generated. 


PROTECTING THE DEVICE AGAINST REVER- 
SE BATTERY 

The simplest way to protect the device against a 
continuous reverse battery voltage (-26V) is to 
insert a Schottky diode between pin 1 (GND) and 
ground, as shown in the typical application circuit 


4/6 


(fig. 3). 

The consequences of the voltage drop across 

this diode are as follows: 

— If the input is pulled to power GND, a negative 
voltage of -VF is seen by the device. (Vit, Vin 
thresholds and Vstat are increased by Ve with 
respect to power GND). 

— The undervoltage shutdown level is increased 
by Vr. 

lf there is no need for the control unit to handle 

external analog signals referred to the power 

GND, the best approach is to connect the 

reference potential of the control unit to node [1] 

(see application circuit in fig. 4), which becomes 

the common signal GND for the whole control 

board. 

In this way no shift of Vin, Vi. and Vstat takes 

place and no negative voltage appears on the 

INPUT pin; this solution allows the use of a 

standard diode, with a breakdown voltage able to 

handle any ISO normalized negative pulses that 
occours in the automotive environment. 
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TRUTH TABLE 


INPUT INPUT 


STATUS STATUS 


OPEN LOAD 


switcy ON NORMAL SWITCH 


OFF OPERATION 


OUT ie 


INPUT | | | | | INPUT 
STATUS 


SHUTDOWN 


ON ON 
SWITCH OFF | UNDER SWITCH OFF [| | LI | | | 


VOLTAGE oF 140°C 


| OUT | lQuT AI\V\ | \ 


I Ty ee @: 


SC04690 


Figure 2: Over Current Test Circuit 
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Figure 3: Typical Application Circuit With A Schottky Diode For Reverse Supply Protection 
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POWER GND 


Figure 4: Typical Application Circuit With Separate Signal Ground 
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ISO HIGH SIDE SMART POWER SOLID STATE RELAY 


PRELIMINARY DATA 


[TVPE | Voss [Rosen | Wt) | Veo 


» MAXIMUM CONTINUOUS OUTPUT 
CURRENT (#): 25 A @ Te= 85°C 
5V LOGIC LEVEL COMPATIBLE INPUT 


» THERMAL SHUT-DOWN 

» UNDER VOLTAGE PROTECTION 

» OPEN DRAIN DIAGNOSTIC OUTPUT PENTAWATT PENTAWATT 
2 INDUCTIVE LOAD FAST DEMAGNETIZATION (vertical) (horizontal) 
» VERY LOW STAND-BY POWER DISSIPATION 

DESCRIPTION 

The VN31 is a monolithic device made using 

SGS-THOMSON Vertical Intelligent Power | PENTAWATT 
Technology, intended for driving resistive or (in-line) 


inductive loads with one side grounded. 
Built-in thermal shut-down protects the chip from 
over temperature and short circuit. 


The open drain diagnostic output indicates: open ORDER CODES: 

load in off state and in on state, output shorted to PENTAWATT vertical VN31 

Vcc and overtemperature. Fast demagnetization PENTAWATT horizontal VN31 (011Y) 
of inductive loads is archieved by negative (-18V) PENTAWATT in-line VN31 (012Y) 


load voltage at turn-off. 


BLOCK DIAGRAM 


UNDER 
VOLTAGE 


T) OVER 
DELAY 
STATUS 


5C06270 


FILTER 


GROUND 


(*) In= Nominal current according to ISO definition for high side automotive switch (see note 1) 
(#) The maximum continuous output current is the current at T. = 85 °C for a battery voltage of 13 V which does not activate 
self protection 
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ABSOLUTE MAXIMUM RATING : 


Drain-Source Breakdown Voltage a ee eee 


Output Current (cont.) at Te = 85 °C 

Reverse Output Current at Tc. = 85 °C - 

Reverse Supply Voltage 
Status Current 
Electrostatic Discharge (1.5 kQ, 100 pF) 
Power Dissipation at T. = 85 °C 
Junction Operating Temperature 
Storage Temperature 


OUTPUT 
STATUS 
Vec 
INPUT 
GROUND 


PC10000 


CURRENT AND VOLTAGE CONVENTIONS 
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THERMAL DATA 


Rthy)-case | Thermal Resistance Junction-case 
Rth}-amb |Thermal Resistance Junction-ambient 


ELECTRICAL CHARACTERISTICS (Vcc = 13 V; -40 < Tj < 125 °C unless otherwise specified) 
POWER 


[Symbol | Parameter | Test Gonaitions | win. | Typ. | Max. | Unit | 
7 ae enn FS Se ae 


On State Resistance louT=11.5A 0. pom 
louT=11.5A T, = 25 °C 0.03 
Is Supply Current Off State 1T,225°C 50 , 
On State 15 mA 


SWITCHING 
ta(on)(*) |Turn-on Delay Time Of |\lout = 11.5 A Resistive Load Us 
Output Current Input Rise Time < 0.1 us 
Rise Time Of Output lout = 11.5A Resistive Load 
Current Input Rise Time < 0.1 us 
ta(ott)(*) | Turn-off Delay Time Of |lout = 11.5 A Resistive Load 
Output Current Input Rise Time < 0.1 us 
(*) Fall Time Of Output lout = 11.5 A Resistive Load 50 us 
Current Input Rise Time < 0.1 us 
(di/dt)on |Turn-on Current Slope |lour=11.5A 0.08 0.5 A/us 
lout = lov 1 A/us 
(di/dt)or; | Turn-off Current Slope |loyr=11.5A 0.2 3 A/us 
lout = lov 3 A/us 
Vdemag |Inductive Load Clamp |lout=11.5A L=1MmH -24 -18 -14 V 
Voltage 


LOGIC INPUT 
Input Low Level V 
Voltage 
Input High Level (e) V 
Voltage 
Vi(hyst ) oe Hysteresis 
oe 


or 
Vick Input Clamp Voltage lin = 10 mA 9.9 
lin=-10mMA 
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ELECTRICAL CHARACTERISTICS (continued) 
PROTECTION AND DIAGNOSTICS (continued) 


Symbol Test Conditions 


Vstat |Status Voltage Output |Ilstar = 1.6 mA 
Low 
Vuspb Under Voltage Shut 
Down 
VscL Status Clamp Voltage [Istar = 10 mA 
Istat = -10 MA 
Rioan<10mQ -40<Te<125°C | | 140 


Typ. 
0.4 


6 


fo) 
aa | 


Short Circuit 


Open Load Current 
Level 

TTsp Thermal Shut-down 140 
Temperature 

VoL Open Load Voltage Off-State (note 2) 2.5 
Level 

t1(on) Open Load Filtering (note 3) 
Time 

t1 (off) Open Load Filtering (note 3) 1 
Time 

tooff) Open Load Filtering (note 3) 1 
Time 

50 


ies eee Current in Rioan << 10 MQ = =T. = 85°C 
lov 


o 
E 


°C 


10 
10 
10 
10 


tpol Status Delay (note 3) | 50 | 


(*) See Switchig Time Waveforms 
(e) The Vin is internally clamped at 6V about. It is possible to connect this pin to an higher voltage via an external resistor 
calculated to not exceed 10 mA at the input pin. 
note 1: The Nominal Current is the current at Tc = 85 °C for battery voltage of 13V which produces a voltage drop of 0.5 V 
note 2: lotott) = (Vcc -Vor)/Ror (see figure) 
note 3: tion): minimum open load duration which acctivates the status output 

tioff): minimum load recovery time which desactivates the status output 

tocotty: Minimum on time after thermal shut down which desactivates status output 

tpovi tpoi: ISO definition (see figure) 


V 
us 
us 


a 


Note 2 Relevant Figure Note 3 Relevant Figure 


Input 
voltage 
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Fault 
voltage 


0.8V 
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Switching Time Waveforms 


| / 1 
input | ! | ty (on) [- wah (off) 
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FUNCTIONAL DESCRIPTION 

The device has a diagnostic output which 
indicates open load conditions in off state as well 
as in on state, output shorted to Vcc and 
overtemperature. The truth table shows input, 
diagnostic and output voltage level in normal 
operation and in fault conditions. The output 
signals are processed by internal logic. The 
open load diagnostic output has a 5 ms filtering. 
The filter gives a continuous signal for the fault 
condition after an initial delay of about 5 ms. This 
means that a disconnection during normal 
operation, with a duration of less than 5 ms does 
not affect the status output. Equally, any 
re-connection of less than 5 ms during a 
disconnection duration does not affect the status 
output. No delay occur for the status to go low in 
case of overtemperature conditions. From the 
falling edge of the input signal the status output 
initially low in fault condition (over temperature or 
open load) will go back with a delay (tpovi)in case 
of overtemperature condition and a delay (tpol) in 
case of open load. These feature fully comply 
with International Standard Office (I.S.O.) 
requirement for automotive High Side Driver. 

To protect the device against short circuit and 
over current conditions over the full range of 
supply voltage (Vcc) and temperature, the ther- 
mal protection turns the integrated Power MOS 
off at a minimum junction temperature of 
140 °C. When the temperature returns to 125 °C 
the switch is automatically turned on again. In 
short circuit the protection reacts with virtually 
no delay, the sensor being located in the region 
of the die where the heat is generated. Driving 
inductive loads, an_ internal function of the 
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device ensures the fast demagnetization with a 
typical voltage (Vdemag) of -18V. 

This function allows to greatly reduce the power - 
dissipation according to the formula: 

Puem = 0.5 ¢ Lioad ¢ (lload)* © [(Vcoc+Vdemag)/Vdemag] ° f 
where f = switching frequency and 

Vdemag = demagnetization voltage 

Based on this formula it is possible to know 
the value of inductance and/or current to avoid 
a thermal shut-down. The maximum inductance 
which causes the chip temperature to reach the 
shut down temperature in a specific thermal 
environment, is infact a function of the load 
current for a fixed Voc, Vdemag and f. 


PROTECTING THE DEVICE AGAIST LOAD 
DUMP - TEST PULSE 5 

The device is able to withstand the test pulse 
No.5 at level Il (Vs = 46.5V) according to the 
ISO. T/R 7637/1 without any — external 
component. This means that all functions of the 
device are performed as_ designed after 
exposure to disturbance at level Il. The VN31 is 
able to withstand the test pulse No.5 at level Ill 
adding an external resistor of 150 ohm between 
pin 1 and ground plus a filter capacitor of 1000 
uF between pin 3 and ground (if Rtoap < 20 Q). 


PROTECTING THE DEVICE AGAINST 

REVERSE BATTERY 

The simplest way to protect the device against a 

continuous reverse battery voltage (-26V) is to 

insert a Schottky diode between pin (GND) and 
ground, as shown in the typical application circuit 

(fig.3). 

The consequences of the voltage drop across 

this diode are as follows: 

— If the input is pulled to power GND, a negative 
voltage of -Vi is seen by the device. (Vil, Vih 
thresholds and Vstat are increased by Vf with 
respect to power GND). 

— The undervoltage shutdown level is increa- 
sed by Vf. 

If there is no need for the control unit to handle 

external analog signals referred to the power 

GND, the best approach is to connect the 

reference potential of the control unit to node [1] 

(see application circuit in fig. 4), which becomes 

the common signal GND for the whole control 

board avoiding shift of Vin, Vii and Vstat. This 
solution allows the use of a standard diode. 
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TRUTH TABLE 


NORMAL OPERATION 


Input Input | | | | | 


load 
current status 


| | 
sfotus | | 


on 
switch 


delta te Tion pers ln Ps | | 
lot 


| [eee ott = fron p+ ——++ | | | + I pol 
$1 on —»y—_+4- delta t< tion —o++e 


ee ie, 8 a ae ee ee 
on/off 
THERMAL SHUTDOWN UNDER VOLTAGE 


Input input | | | | 


load 


current 
slatus | 


delta t< +t 2off so 4 ol e— t povi 


stotus | | | 


switch 
on/off SCO6450 


Figure 2: Over Current Test Circuit 
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Figure 3: Typical Application Circuit With A Schottky Diode For Reverse Supply Protection 
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Figure 4: Typical Application Circuit With Separate Signal Ground 
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MICROELECTRONICS VNDO5B 


DOUBLE CHANNEL 


HIGH SIDE SMART POWER SOLID STATE RELAY 


CTV | Voss [Rosen | tat) | Veo 


« OUTPUT CURRENT (CONTINUOUS): 

7.5 A @ Tc=85°C PER CHANNEL 

5V LOGIC LEVEL COMPATIBLE INPUT 
THERMAL SHUT-DOWN 

UNDER VOLTAGE PROTECTION 

OPEN DRAIN DIAGNOSTIC OUTPUT 
INDUCTIVE LOAD FAST DEMAGNETIZATION 
VERY LOW STAND-BY POWER DISSIPATION 


DESCRIPTION 

The VNDOS5B is a monolithic device made using 
SGS-THOMSON Vertical Intelligent Power 
Technology, intended for driving resistive or 
inductive loads with one side grounded. This 
device has two channels, and a common 
diagnostic. Built-in thermal shut-down protects 
the chip from over temperature and short circuit. 
The status output provides an indication of open 
load in on state, open load in off state, 
overtemperature conditions and stuck-on to Vcc. 


BLOCK DIAGRAM 


INPUT 1 


DIAGNOSTIC 


PRELIMINARY DATA 


HEPTAWATT HEPTAWATT 
(vertical) (horizontal) 


HEPTAWATT 
(in-line) 


ORDER CODES: 
HEPTAWATT vertical VNDO5B 
HEPTAWATT horizontal VNDO5B (011Y) 
HEPTAWATT in-line VNDOSB (012Y) 


UNDER 
VOLTAGE 


OPENLOAD 1 
ON 


OPENLOAD 2 
ON 


OPENLOAD 
OFF 
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(*) In= Nominal current according to ISO definition for high side automotive switch (see note 1) 
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ABSOLUTE MAXIMUM RATING 


lour(RMS)|RMS Output Current at T. = 85 °C and f > 1Hz 7.5 


Reverse Output Current at Te = 85 °C 


a] 
Tin input cures SSSSCS™S~S~d dm 
a 
000 

w_| 


V 
A 
[Pin [PowerDissipation at T= 25°CSSC*dSC“‘a#SCSCCSdSSW 
| 7, |dunetion Operating Temperature 


CONNECTION DIAGRAM 


OUTPUT2 
INPUT2 
DIAG 

Vcc 
INPUT 1 
GND 
OUTPUT 1 


PC11070 


CURRENT AND VOLTAGE CONVENTIONS 


Vout2 


I DIAG 
— 


SC06460 
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VNDOSB 


THERMAL DATA 


Rthj-case | Thermal Resistance Junction-case 
Rth)-amb | Thermal Resistance Junction-ambient 
ELECTRICAL CHARACTERISTICS (8 < Vcc < 16 V; -40 < T, < 125 °C unless otherwise specified) 


POWER 

[Symbot | Parameter [Test Conditions | win. | typ. | Max. | unit | 
[vee [Supp Voltage iP SsC—“~*‘“*‘“‘“~*~*~sC«=CS tt fw | 
iney [Nominal Curent [Ty 88°C Voom 208 Veowiav[ 16 | | 26 | A 
Ron [On State Resistance |lour=Ih Vec=13V 1,-25° [ota || o2 | a | 


Maximum Voltage Drop |lour=7.5A T,;=85°C Vcoc=13V f144 {| | 23 | ve | 
Output to GND internal |T, = 25 °C 5 10 20 KQ 
Impedance 


SWITCHING 


td(on)(*) | Turn-on Delay Time Of |Rout = 5.4 Q 5 25 200 us 
Output Current 
Turn-off Delay Time Of | Rout = 5.4 Q 1 
Output Current 


Input High Level 
Voltage 


=5V T, 


lin = 10 mA 
lin =-10 mA 
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ELECTRICAL CHARACTERISTICS (continued) 
PROTECTION AND DIAGNOSTICS 


Symbol Test Conditions 


Vstat |Status Voltage Output |Istat = 1.6 MA 
Low 

Vusp Under Voltage Shut 
Down 


5 
Ttsp Thermal Shut-down 140 
Temperature 
Tsp(hyst.) | Thermal Shut-down 
Hysteresis 
Open Voltage Level Off-State (note 2) ; 


OL 
lot Open Load Current On-State 5 
Level 


Status Delay (note 3) 
Status Delay (note 3) 50 


(*) In= Nominal current according to ISO definition for high side automotive switch (see note 1) 

(*) See switching time waveform 

(e) The Vin is internally clamped at 6V about. It is possible to connect this pin to an higher voltage via an external resistor 
calculated to not exceed 10 mA at the input pin. 

note 1: The Nominal Current is the current at Tc = 85 °C for battery voltage of 18V which produces a voltage drop of 0.5 V 
note 2: lototty = (Vcc -Vor)/Ror 

note 3: tpovi tpor: ISO definition 
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180 mA 


5 
500 


us 
us 


NM 
on 


2500 


Note 2 Relevant Figure Note 3 Relevant Figure 


Input 
voltage 


0.8V 


Fault 
voltage 


0.8V 
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Switching Time Waveforms 


VNDO5B 


[oof ty (off) 
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FUNCTIONAL DESCRIPTION 

The device has a common diagnostic output for 
both channels which indicates open load in 
on-state, open load in off-state, over temperature 
conditions and stuck-on to Vcc. 

From the falling edge of the input signal, the 
status output, initially low to signal a fault 
condition (overtemperature or open_ load 
on-state), will go back to a high state with a 
different delay in case of overtemperature (tpovl) 
and in case of open open load (tpol) respectively. 
This feature allows to discriminate the nature of 
the detected fault. To protect the device against 
short circuit and over current condition over the 
full range of supply voltage (Vcc) and 
temperature, the thermal protection turns the 
integrated Power MOS off at a minimum junction 
temperature of 140 °C. When this temperature 
returns to 125 °C the switch is automatically 
turned on again. In short circuit the protection 
reacts with virtually no delay, the sensor (one for 
each channel) being located inside each of the 
two Power MOS areas. This positioning allows 
the device to operate with one channel in 
automatic thermal cycling and the other one ona 
normal load. An internal function of the devices 
ensures the fast demagnetization of inductive 
loads with a typical voltage (Vdemag) of -18V. This 
function allows to greatly reduces the power 
dissipation according to the formula: 


Pdem = 0.5 @ Lioad © (load)  [(Vcc+Vdemag)/Vdemag] @ f 
where f = switching frequency and 
Vdemag = demagnetization voltage. 


ky SGS-THOMSON 


The maximum inductance which causes the chip 
temperature to reach the shut-down temperature 
in a specified thermal environment is a function of 
the load current for a fixed Vcc, Vdemag and f 
according to the above formula. In this device if 
the GND pin is disconnected, with Vcc not 
exceeding 16V, both channel will switch off. 


PROTECTING THE 

REVERSE BATTERY 

The simplest way to protect the device against a 

continuous reverse battery voltage (-26V) is to 

insert a Schottky diode between pin 2 (GND) and 
ground, as shown in the typical application circuit 

(fig.2). 

The consequences of the voltage drop across 

this diode are as follows: 

— If the input is pulled to power GND, a negative 
voltage of -V+ is seen by the device. (Vil, Vih 
thresholds and Vstat are increased by Vf with 
respect to power GND). 

— The undervoltage shutdown level is increa- 
sed by Vf. 

If there is no need for the control unit to handle 

external analog signals referred to the power 

GND, the best approach is to connect the 

reference potential of the control unit to the 

device ground (see application circuit in fig. 3), 

which becomes the common signal GND for the 

whole control board avoiding shift of Vin, Vi and 

Vstat. This solution allows the use of a standard 

diode. 
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TRUTH TABLE 
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Figure 1: Waveforms 
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Figure 2: Typical Application Circuit With A Schottky Diode For Reverse Supply Protection 
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MICROELECTRONICS VND10B 
DOUBLE CHANNEL 

HIGH SIDE SMART POWER SOLID STATE RELAY 
PRELIMINARY DATA 


[VP _[ Voss [Rosen | Wt) | Veo 


2 OUTPUT CURRENT (CONTINUOUS): 
13 A @ Tc=85°C PER CHANNEL 

5V LOGIC LEVEL COMPATIBLE INPUT 
THERMAL SHUT-DOWN 

UNDER VOLTAGE PROTECTION 
OPEN DRAIN DIAGNOSTIC OUTPUT HEPTAWATT HEPTAWATT 
INDUCTIVE LOAD FAST DEMAGNETIZATION (vertical) (horizontal) 
VERY LOW STAND-BY POWER DISSIPATION 


DESCRIPTION 

The VND10B is a monolithic device made using « 
SGS-THOMSON Vertical Intelligent Power WA HEPTAWATT 
Technology, intended for driving resistive or N (in-line) 
inductive loads with one side grounded. This 
device has two channels, and a common 
diagnostic. Built-in thermal shut-down protects ORDER CODES: 

the chip from over temperature and short circuit. HEPTAWATT vertical VND10B 


The status output provides an indication of open HEPTAWATT horizontal VND10B (011Y) 


load in on state, open load in off state, HEPTAWATT in-line VND10B (012Y) 
overtemperature conditions and stuck-on to Vcc. 


BLOCK DIAGRAM 


UNDER 
VOLTAGE 


INPUT 1 


OPENLOAD 2 
ON 


OPENLOAD 
OFF 


DIAGNOSTIC 
$C06470 


(*) In= Nominal current according to ISO definition for high side automotive switch (see note 1) 
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ABSOLUTE MAXIMUM RATING 


RMS Output Current at Te = 85 °C and f > 1Hz 


Electrostatic Discharge (1.5 kQ, 100 pF) 
| Phot Power Dissipation at Tc = 25 °C 


CONNECTION DIAGRAM 


OUTPUT2 
INPUT2 
DIAG 

Vcc 
INPUT1 
GND 
OUTPUT1 


PC11070 


CURRENT AND VOLTAGE CONVENTIONS 


1 DIAG Vout2 
<q 
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THERMAL DATA 


Rthj-case | Thermal Resistance Junction-case 
Rth)-amb | Thermal Resistance Junction-ambient 


ELECTRICAL CHARACTERISTICS (8 < Vcc < 16 V; -40 < Tj < 125 °C unless otherwise specified) 


POWER 

[Symi [—Faransior [Test Gondvons [win [yp [ne [ui 
a 

| Ron |On State Resistance |lout = In Voc = 13 V 7, = 25 °C fos] Pas [a 
Wes [Memon votage rp aura JOA =65°0 Veo tO 12 | 


Output to GND internal |T, = 25 °C 
Impedance 


SWITCHING 
ta(on)(*) + |Turn-on Delay Time Of |Rout = 2.7 Q . 35 200 us 
Output Current 
tr(*) Rise Time Of Output Rout = 2.7 Q 28 110 360 us 
Current 
taott)(*) | Turn-off Delay Time Of {Rout = 2.7 Q 10 140 500 us 
Output Current 
Fall Time Of Output Rout = 2.7 QO 75 360 Us 
Peers 


| (di/dt)on | | (di/dt)on | Turn- -on Current Turn-on Current Slope _ Rot=272 | 2.7 Q 0.003 Spe 


LOGIC INPUT 


Vit Input Low Level 1.5 V 
Voltage 
ViH 3.5 (e) V 
Vithyst) |Input Hysteresis 
ee eae 


- Input Clamp Voltage lin= 10mA 
lin=-10mA ee 
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ELECTRICAL CHARACTERISTICS (continued) 
PROTECTION AND DIAGNOSTICS 


Oo 
& 


=| | SF 


Under Voltage Shut 
Down 


Status Clamp Voltage [Istar = 10 mA 
IstaT = -10 MA 


Thermal Shut-down 
Temperature 


Thermal Shut-down 
Hysteresis 


ola 6) 6 


(*) In= Nominal current according to ISO definition for high side automotive switch (see note 1) 


(4) See switching time waveform 
(e) The Vin is internally clamped at 6V about. It is possible to connect this pin to an higher voltage via an external resistor 


calculated to not exceed 10 mA at the input pin. 
note 1: The Nominal Current is the current at Tc = 85 °C for battery voltage of 13V which produces a voltage drop of 0.5 V 


note 2: lototty = (Vcc -Vor)/Ror 
note 3: tpovi tpoi: ISO definition 


Note 2 Relevant Figure Note 3 Relevant Figure 
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Switching Time Waveforms 
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FUNCTIONAL DESCRIPTION 

The device has a common diagnostic output for 
both channels which indicates open load in 
on-state, open load in off-state, over temperature 
conditions and stuck-on to Vcc. 

From the falling edge of the input signal, the 
Status output, initially low to signal a fault 
condition (overtemperature or open _ load 
on-state), will go back to a high state with a 
different delay in case of overtemperature (tpovl) 
and in case of open open load (tpol) respectively. 
This feature allows to discriminate the nature of 
the detected fault. To protect the device against 
short circuit and over current condition over the 
full range of supply voltage (Vcc) and 
temperature, the thermal protection turns the 
integrated Power MOS off at a minimum junction 
temperature of 140 °C. When this temperature 
returns to 125 °C the switch is automatically 
turned on again. In short circuit the protection 
reacts with virtually no delay, the sensor (one for 
each channel) being located inside each of the 
two Power MOS areas. This positioning allows 
the device to operate with one channel in 
automatic thermal cycling and the other one ona 
normal load. An internal function of the devices 
ensures the fast demagnetization of inductive 
loads with a typical voltage (Vdemag) of -18V. This 
function allows to greatly reduces the power 
dissipation according to the formula: 


Pdem = 0.5 © Lioad ® (lioad)® # [(Voc+Vdemag)/Vdernag] * f 
where f = switching frequency and 
Vdemag = demagnetization voltage. 
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The maximum inductance which causes the chip 
temperature to reach the shut-down temperature 
in a specified thermal environment is a function of 
the load current for a fixed Vcc, Vdemag and f 
according to the above formula. In this device if 
the GND pin is disconnected, with Vcc not 
exceeding 16V, both channel will switch off. 


PROTECTING THE 

REVERSE BATTERY 

The simplest way to protect the device against a 

continuous reverse battery voltage (-26V) is to 

insert a Schottky diode between pin 2 (GND) and 
ground, as shown in the typical application circuit 

(fig. 2). 

The consequences of the voltage drop across 

this diode are as follows: 

— If the input is pulled to power GND, a negative 
voltage of -V¢ is seen by the device. (Vil, Vih 
thresholds and Vstat are increased by Vf with 
respect to power GND). 

— The undervoltage shutdown level is increa- 
sed by Vf. 

If there is no need for the control unit to handle 

external analog signals referred to the power 

GND, the best approach is to connect the 

reference potential of the control unit to the 

device ground (see application circuit in fig. 3), 

which becomes the common signal GND for the 

whole control board avoiding shift of Vin, Vi and 

Vstat. This solution allows the use of a standard 

diode. 
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TRUTH TABLE 
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Figure 1: Waveforms 
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Figure 2: Typical Application Circuit With A Schottky Diode For Reverse Supply Protection 
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Figure 3: Typical Application Circuit With Separate Signal Ground 
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DISCRETE DATASHEETS 7 


973 


171 SGS-THOMSON 1.5KE6V8P,A/440P,A 
7 WICROELECTRONICS 1.5KE6V8CP,CA/440CP,CA 


TRANSIL 


FEATURES 


« PEAK PULSE POWER= 1500 W @ 1ms. 

» BREAKDOWN VOLTAGE RANGE : 
From 6V8 to 440 V. 

=» UNI AND BIDIRECTIONAL TYPES. 

a LOW CLAMPING FACTOR. 

a FAST RESPONSE TIME: 
Tclamping : 1ps (0 V to VBR). 

a UL RECOGNIZED. 


CB429 
(Plastic) 


DESCRIPTION MECHANICAL CHARACTERISTICS 

Transil diodes provide high overvoltage = Body marked with : Logo, Date Code, Type 
protection by clamping’ action. — Their Code, and Cathode Band (for unidirectional 
instantaneous reponse to transients makes them types only). 

particularly suited to protect voltage sensitive = Tinned copper leads. 


devices such as MOS Technology and low 


= High temperature soldering. 
voltage supplied IC’s. 


ABSOLUTE RATINGS (limiting values) 


Symbol Parameter Value aes 
Peak pulse power dissipation Tamb = 25°C 1500 
See note 1 and derating curve Fig 1. 
Power dissipation on infinite heatsink Tlead = 75°C 
See note 1 and derating curve Fig 1. 
IFSM Non repetitive surge peak forward current Tamb = 25°C 
For Unidirectional types. t=10 ms 
"99 Storage and junction temperature range -65 to+ 175 
175 
Maximum lead temperature for soldering 
during 10 s. 
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THERMAL RESISTANCES 


Rth (j-l) Junction-leads on infinite heatsink 
Rth (j-a) | Junction to ambient. on printed circuit. Llead = 10 mm °C/W 


ELECTRICAL CHARACTERISTICS 


Stand-off voltage. 
Breakdown voltage. 


Clamping voltage 
leakage current @ VRM 


Voltage temperature coefficient. 


VE Forward Voltage drop 
VF <3.5V @ IF = 100A. 


InM@VrmM | VBR @ 
max min nom max max | typ 
note3 | note4 
| Unidirectional | Bidirectional | vA | v |v {|v {iv [mal v | A | v | A [104°C] (pF) 

; . : ; 5.7 


P 1.5KE6V8P | P 1.5KE6V8CP 
1.5KE6V8A | P 1.5KE6V8CA 


P 

P 1.5KE7V5P 1.5KE7V5CP 
1.5KE7V5A | P 1.5KE7V5CA 
1.5KE8V2P 1.5KE8V2CP 
1.5KE8V2A | P 1.5KE8V2CA 
1.5KE9V1P 1.5KE9V1CP 
1.5KE9V1IA 1.5KE9VICA 


1.5KE10P 
1.5KE10A 
1.5KE11P 
1.5KE11A 
1.5KE12P 
1.5KE12A 
1.5KE13P 
1.5KE13A 
1.5KE15P 
1.5KE15A 
1.5KE16P 
1.5KE16A 
1.5KE18P 
1.5KE18A 
1.5KE20P 
1.5KE20A 
1.5KE22P 


1.5KE10CP 
1.5KE10CA 
1.5KE11CP 
1.5KE11CA 
1.5KE12CP 
1.5KE12CA 
1.5KE13CP 
1.5KE13CA 
1.5KE15CP 
1.5KE15CA 
1.5KE16CP 
1.5KE16CA 
1.5KE18CP 
1.5KE18CA 
1.5KE20CP 
1.5KE20CA 
1.5KE22CP 


aan»a»n»inoaqana a aan in 


ee ee ee ee ee a ee eo 


P = Prefered device 
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TYPES IRM@VRM| VBR @ __§sIR | VcL @Ipp | VcL @ Ipp 
min nom max max 
note2 10/1000us 8/20us notes i 


siaeaat oar erie iat eee sore. 


1.5KE22A 1.5KE22CA 5 1 
1.5KE24P 1.5KE24CP 5 1 
P 1.5KE24A 1.5KE24CA 5 1 
P 1.5KE27P 1.5KE27CP 5 1 
1.5KE27A 1.5KE27CA 5 1 
1.5KE30P P 1.5KE30CP bs) 1 
P 1.5KE30A P 1.5KE30CA 5 1 
P 1.5KE33P P 1.5KE33CP 5 1 
P 1.5KE33A 1.5KE33CA 5 1 
P 1.5KE36P P 1.5KE36CP 5 1 
P 1.5KE36A P 1.5KE36CA 5 1 
P 1.5KE39P P 1.5KE39CP 5 1 
P 1.5KE39A P 1.5KE39CA 5 1 
1.5KE43P 1.5KE43CP 3 1 
P 1.5KE43A P 1.5KE43CA 5 1 
1.5KE47P 1.5KE47CP 5 1 
P 1.5KE47A P 1.5KE47CA 5 1 
1.5KE51P 1.5KE51C0P 5 1 
P 1.5KE51A 1.5KE51CA ) 1 
1.5KE56P 1.5KE56CP 5 1 
P 1.5KE56A 1.5KE56CA 5 1 
1.5KE62P 1.5KE62CP 5 1 
P 1.5KE62A P 1.5KE62CA 5 1 
P 1.5KE68P P 1.5KE68CP 5 1 
P 1.5KE68A P 1.5KE68CA 5 1 
1.5KE75P 1.5KE75CP 5 1 
P 1.5KE75A P 1.5KE75CA 5 1 
P 1.5KE82P P 1.5KE82CP 5 1 
P 1.5KE82A P 1.5KE82CA 5 1 
1.5KE91P 1.5KE91CP 5 1 
P 1.5KE91A P 1.5KE91CA 5 1 
1.5KE100P 1.5KE100CP 5 1 
P 1.5KE100A 1.5KE100CA 5 1 
1.5KE110P | P 1.5KE110CP 5 1 
1.5KE110A 1.5KE110CA 5 1 
1.5KE120P 1.5KE120CP 5 1 
P 1.5KE120A | P 1.5KE120CA 5 1 
1.5KE130P | P 1.5KE130CP 5 1 
P 1.5KE130A | P 1.5KE130CA 5 1 
1.5KE150P 1.5KE150CP ts) 1 
P 1.5KE150A | P 1.5KE150CA 5 1 
P 1.5KE160P | P 1.5KE160CP 5 1 
P 1.5KE160A | P 1.5KE160CA 5 1 
1.5KE170P 1.5KE170CP 5 1 
P 1.5KE170A 1.5KE170CA 5 1 
1.5KE180P | P 1.5KE180CP be) 1 
P 1.5KE180A | P 1.5KE180CA 5 1 
P 1.5KE200P |P 1.5KE200CP 5 1 
P 1.5KE200A | P 1.5KE200CA 5 1 
1.5KE220P | P 1.5KE220CP 5 1 
P 1.5KE220A | P 1.5KE220CA 5 1 
P 1.5KE250P | P 1.5KE250CP 5 1 
P 1.5KE250A | P 1.5KE250CA ) 1 
1.5KE280P 1.5KE280CP 2 1 
1.5KE280A 1.5KE280CA 5 1 


P = Prefered device 
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TYPES IRM@VRM | VBR @ JR |VCL@Ipp|VcL@Ipp| of Cc 
max min nom max max max typ 
note2 10/1000us 8/20uUs note3 Te 


Unidirectional | Biarectional | ya {| _v_| v {vt v {ma} vj a} vj a 0%re (pF) 


_— 


1.5KE300P | P 1.5KE300CP 
P 1.5KE300A 1.5KE300CA 


1.5KE320P 1.5KE320CP 
P 1.5KE320A 1.5KE320CA 
P 1.5KE350P | P 1.5KE350CP 
1.5KE350A 1.5KE350CA 
P 1.5KE400P {| P 1.5KE400CP 
1.5KE400A 1.5KE400CA 
P 1.5KE440P | P 1.5KE440CP 
1.5KE440A 1.5KE440CA 


agmnaaqnn»a»nnin nm 
en a a G 


All parameters tested at 25 °C, except where indicated. 


P = Prefered device 


% Ipp 


Peak Power 
(on printed circuit). 


10 ps 


100 


PULSE WAVEFORM 10/1000 ps 


50 | --f------- ) 


Average Power 
(on infinite heatsink). 


1000 ps 


20 40 60 80 100 120 140 J 180 200 


Note 1: For surges greater than the maximum values, oe 1: Power dissipation derating versus 
the diode will present a short-circuit Anode - Cathode. ambient temperature 


Note 2: Pulse test’ Tp < 50 ms. 
Note3: AVsr=aT -(Ta- 25) + Veres-c). 


Note 4: VR=OV, F=1 MHz. For bidirectional types, 
capacitance value is divided by 2. 
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Figure 2 : Peak pulse power versus exponential pulse duration. 
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Figure 3 : Clamping voltage versus peak pulse current. 
exponential waveform t = 20 us 
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Note : The curves of the figure 3 are specified for a junction temperature of 25 °C before surge. 

The given results may be extrapolated for other junction temperatures by using the following formula : 
AV (BR) = aT (V(BR)) * [Ta -25] * V (BR). 

For intermediate voltages, extrapolate the given results. 
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Figure 4a : Capacitance versus reverse applied 
voltage for unidirectional types (typical values). 


1000 


100 ——— 


Figure 5 : Peak forward voltage drop versus 
peak forward current (typical values for 
unidirectional types). 
Note : For units with Ver > 200 V 

Ve is twice than shown. 
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Figure 4b : Capacitance versus reverse applied 
voltage for bidirectional types (typical values) 
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Figure 6 Transient thermal impedance 
junction-ambient versus pulse duration. For a 
mounting on PC Board with L lead = 10mm. 


ZTH j-a (°C/W) 
00 


1 0-— See ee: 
nee mee t+} — tH Peet 
Ht an 


1 Pec 
SSeeiiiieemetieseari moet ott oon oe rSRE EE 
tt Va CT ttt 
t(S) 
7 CHT Tn CET 2 
005 1315 2 25 3 3.5 4 45 5 0.01 1 100 1000 
6/7 a 
Ky SGS-THOMSON 


580 


1.5KExx 


ORDER CODE 


1.5 KE 100 C A RL 


1500 W | L. PACKAGING: 


= Ammopack 


BREAKDOWN VOLTAGE RL = Tape and reel. 
TOLERANCE : 


BIDIRECTIONAL <——— A = +/- 5% 
P = -5%, +10%. 


MARKING : Logo, Date Code, Type Code, Cathode Band (for unidirectional types only). 


PACKAGE MECHANICAL DATA 
CB429 


Millimeters Inches 
max 


aa 
5.1 0.20 

str NE | ee Osee 
ae ee ee ee 
[ee pa aa Fe ee 


note1:The diameter © bz2 is not controlled over zone’L; 
Weight = 0.85 g. 


Packaging : standard packaging is in tape and reel. 
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MICROELECTRONICS BDW94/A/B/C 


NPN/PNP POWER DARLINGTONS 


DESCRIPTION 


The BDW93, BDW93A, BDW93B and BDW93C are 
silicon epitaxial-base NPN transistors in monolithic 
Darlington configuration and are mounted in Jedec 
TO-220 plastic package. They are intended for use 
in power linear and switching applications. The com- 
plementary PNP types are the BDW94, BDW94A, 
BDW94B and BDW94C respectively. 


INTERNAL SCHEMATIC DIAGRAM 


Ri Typ. 10 kQ Ri Typ. 10 kQ 
Re Typ. 150 Q. S-1037/ O Re Typ. 150 Q. 


ABSOLUTE MAXIMUM RATINGS 


Symbol 


Collector-base Voltage (I_ = 0) 
Collector-emitter Voltage (Ip = 0) 
| te | BaseCurett 
L  Biee. - Total Power Dissipation at Tease < 25 °C PD isi‘i 

Tstg 


* For PNP types voltage and current values are negative. 


Parameter NPN 
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BDW93/A/B/C-BDW94/A/B/C 


THERMAL DATA 
Thermal Resistance Junction-case 


Max 


ELECTRICAL CHARACTERISTICS (T,as2 = 25 °C unless otherwise specified) 


for BDW93/94 
for BDW93A/94A 
for BDW93B/94B 
for BDW93C/94C 
Tease = 150 °C 
for BDW93/94 
for BDW93A/94A 
for BDW93B/94B 
for BDW93C/94C 


for BDW93/94 
for BDW93A/94A 
for BDW93B/94B 
for BDW93C/94C 


Collector Cutoff Current 
(le = 0) 


Collector Cutoff Current 


(Ig = 0) 


Vocp =45 V 
Vcp =60 V 
Vcp =80 V 
Vcg = 100 V 


Vop =45 V 
Voce =60 V 
Vcp =80 V 
Vcp = 100 V 


Sal nal a CY 
= 


aes emitter Sustaining | lc =100 mA 


Voltage (Ig = 0) 


Vce(sat)” | Collector-emitter Saturation 
Voltage 
Base-emitter Saturation 


Voltage 
Nre* 
Parallel-diode Forward 


DC Current Gain 
Ve* 
Voltage 
Small Signal Current Gain | 


* Pulsed : pulse duration = 300 ps, duty cycle= 1.5 %. 
For PNP types voltage and current values are negative. 


Ic=5A 
Ic =10A 


Ic =5A 
Ic =10A 


2/5 


kyy 


584 


for BDW93/94 

for BDW93A/94A 
for BDW93B/94B 
for BDW93C/94C 


i aL | 


<<<< 


Ip =20 mA 
lg = 100 mA 
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BDW93/A/B/C-BDW94/A/B/C 
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Safe Operating Areas (for BDW93, BDW93A, 


DC Current Gain (NPN types). 
DC Transconductance (NPN types). 
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Small Signal Current Gain (NPN types). 


Saturated Switching Characteristics (NPN types). 


BDW93/A/B/C-BDW94/A/B/C 
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Collector-base Capacitance (PNP types). 
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BDW93/A/B/C-BDW94/A/B/C 


Collector-emitter Saturation Voltage ial types). 


G- 5519 
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al Reese 
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(Vv) 


-VCE (sat) + 
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Saturated Switching Characteristics (PNP types). 


DC Transconductance (PNP types). 
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{7 SGS-THOMSON —EBU931/BU931P 
7 icROELECTROMICS BU931PFI 


HIGH VOLTAGE IGNITION COIL DRIVER 
NPN POWER DARLINGTON 


. PRELIMINARY DATA 


a» VERY RUGGED BIPOLAR TECHNOLOGY 

» HIGH OPERATING JUNCTION 
TEMPERATURE 

» WIDE RANGE OF PACKAGES 


APPLICATIONS 
» HIGH RUGGEDNESS ELECTRONIC 
IGNITIONS 


DIAGRAM 


for TO-3 
Emitter: pin 2 
Base: pin 1 
Collector: tab 


s$cossoo 


ABSOLUTE MAXIMUM RATINGS 


Symbol Parameter Value 
| BUu931 | BU931P | BU931PFI 


| lp [Base Current 1 
5 
| Prot [Total DissipationatT.-=25°C | S175 | S150] S| 
~ 
Max. Operating Junction Temperature 175 Je 
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BU931/BU931P/BU931PFI 


THERMAL DATA 


Symbol Test Conditions 
IcES Collector Cut-off Voce = 450 V 
Current (Vee = 0) Vc—E=450V_ T, = 150°C 
Ices Collector Cut-off Voce = 400 V 
Current (Vpe = 0) 
Emitter Cut-off Current |Vegp = 5 V 
(Ic = 0) 
VceEoQ(sus)* | Collector-Emitter lo = 100mMA 400 
Sustaining Voltage 
Vce(saty* |Collector-Emitter Ic=7A Ip = 70 mA 
Saturation Voltage Ilc=8A Ip = 100 mA 
lc=10A Ip=250mA 
VeBE(sat)* |Base-Emitter Ic=10A Ip=250 mA 
Saturation Voltage 


NFe* DC Current Gain Ilc=5A VoeE=10V 300 
Diode Forward Voltage jlF =10A 


Functional Test Voc = 24 V Veciamp = 300 V L= 7 mH 
(see fig. 1) 


INDUCTIVE LOAD Voc = 12 V Velamp = 300 V L= 7 mH 
Storage Time Ilc=7A Ip =70MA 

Fall Time Vee =O #£Repe= 472 

(see fig. 3) 


* Pulsed: Pulse duration = 300 us, duty cycle 1.5% 


< 

S 
m}on 
3/3 
| 3/35 


500 


Safe Operating Areas DC Current Gain 


GC25080 


A) == ioe eam at ———aaee 


= NG 
-——] Ic MAX SPST 
i ee ae 2 


F—) CONT FSAI TT 


yee IASON 
Pl a e /ANN 


-——— | SOWATT218 &—F- + Ht 
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| _ repetitive pulse FRR SN D.C. 
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10! 102 Vee (V) 
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BU931/BU931P/BU931PFI 


Collector-emitter Sturation Voltage Collector-emitter Sturation Voltage 
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BU931/BU931P/BU931 PFI 


FIGURE 1: Functional Test Circuit FIGURE 2: Functional Test Waveforms 
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FIGURE 3: Switching Time Test Circuit 
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TI SGS-THOMSON BU931T/BU931TFI 
7 iicROELECTROMICS BU931SM 


HIGH VOLTAGE IGNITION COIL DRIVER 
NPN POWER DARLINGTON 


PRELIMINARY DATA 


VERY RUGGED BIPOLAR TECHNOLOGY 
HIGH OPERATING JUNCTION 
TEMPERATURE 

» WIDE RANGE OF PACKAGES 

» NEW REAL POWER SURFACE MOUNTING 
PACKAGE (Power SO-10) 


APPLICATIONS 
» HIGH RUGGEDNESS ELECTRONIC 
IGNITIONS 


DIAGRAM 


for Power SO-10 
Emitter’ pins 1-5 
Base: pins 6 - 10 
Collector: tab 


ABSOLUTE MAXIMUM RATINGS 


Symbol Parameter 
BU931T | BU931TFI | BU931SM | 


450 
Collector Peak Current 15 
| ip |[BaseCurrent 
Plow [Base Peak Current 5 
Max. Operating Junction Temperature 
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BU931T/BU931TFI/BU931SM 


THERMAL DATA 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 


Ices Collector Cut-off Voce = 450 V 250 LA 
Current (Vee = 0) Vce=450V_ Tj = 150 °C 0.5 mA 
Ices Collector Cut-off Voce = 400 V 250 yA 
Current (Vee = 0) 0.5 mA 
Emitter Cut-off Current |Ves = 5 V 
(Ic = 0) 
Vceqsus)*| Collector-Emitter lc = 100 mA 400 500 V 
Saturation Voltage 
Vce(saty* |Collector-Emitter lc=7A Ip = 70 mA 
Saturation Voltage lc =8A Ip = 100 mA 
c=10A Is = 250 mA 
VeE(saty* |Base-Emitter lc=10A Ip=150MA 
Saturation Voltage 


4 


Diode Forward Voltage |IF=10A 


Functional Test Voc = 24 V Velamp = 300 V L= 7 mH 
(see fig. 1) 


INDUCTIVE LOAD Veco = 12 V Vclamp = 300 V L= 7 mH 
Storage Time lc=7A Ip =70MA 

Fall Time VeE=O Ree= 472 

(see fig. 3) 


* Pulsed: Pulse duration = 300 pus, duty cycle 1.5 % 
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BU931T/BU931TFI/BU931SM 


Collector-emitter Sturation Voltage Collector-emitter Sturation Voltage 
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BU931T/BU931TFI/BU931SM 


FIGURE 1: Functional Test Circuit FIGURE 2: Functional Test Waveforms 
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FIGURE 3: Switching Time Test Circuit 
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{7 SGS-THOMSON —sBU931Z/BU931ZP 
7 wieRoELECTROMICS BU931ZPFI 


HIGH VOLTAGE IGNITION COIL DRIVER 
NPN POWER DARLINGTON 


PRELIMINARY DATA 


VERY RUGGED BIPOLAR TECHNOLOGY 

BUILT INCLAMPING ZENER 

» HIGH OPERATING JUNCTION 
TEMPERATURE 

a» WIDE RANGE OF PACKAGES 


APPLICATIONS 
a» HIGH RUGGEDNESS ELECTRONIC 
IGNITIONS 


DIAGRAM 


for TO-3 


Emitter: pin 2 
Base: pin 1 
Collector: tab 


$cO6510 


ABSOLUTE MAXIMUM RATINGS 


Symbot Parameter 


E 
[te [Base Curent C™C~<“—~S*~s*ésSC“‘C;SSTTCUCOCOCOCTCTCTC~*dCA 
| Ptot__|Total Dissipation at Te = 25 °C | 7s | 50 | || 
| Trig _|Storage Temperature °c 
ae 
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BU9312Z/BU931ZP/BU931ZPFI 


THERMAL DATA 


Symbol 


Collector Cut-off Voce = 450 V 
Current (Ve = 0) Vc—E=450V T,= 150°C 
IcES Collector Cut-off Voce = 400 V 
Current (VsBe = 0) 
Emitter Cut-off Current |Veg =5 V 
(Ic = 0) 
VceE(sat)* |Collector-Emitter Ic=7A Ip = 70mA 
Saturation Voltage Ic=8A Ip = 100 mA 
Ilc=10A Ip=250MmA 
VeE(sat)* |Base-Emitter Ilc=10A Ip=250 mA 
Saturation Voltage 


IcES 


=) 
3 
> 


Hre* DC Current Gain Ic =5A VoeE=10V 300 eos 
Ve Diode Forward Voltage |IF=10A fe 


Functional Test Vcc = 24 V L=7mH 
(see fig. 1) 


INDUCTIVE LOAD Vec = 12 V L=7 MH Velamp = 300 V 
Storage Time lc=7A Ip =70MA 

Fall Time Vee=O Roepe = 470 

(see fig. 3) 


tt 


- 


*x Pulsed: Pulse duration = 300 ps, duty cycle 1.5% 


Safe Operating Areas DC Current Gain 
6C25020 gees 
Ic(A) ES — Seat , SSS ST 
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BU9312Z/BU931ZP/BU931ZPFI 


emitter Saturation Voltage 


Collector 


Collector-emitter Saturation Voltage 
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Base-emitter Saturation Voltage 


Base-emitter Saturation Voltage 
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BU931Z/BU931ZP/BU931ZPFI 


FIGURE 1: Functional Test Circuit FIGURE 2: Functional Test Waveform 
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FIGURE 3: Switching Time Test Circuit 
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(&, SGS-THOMSON 8U9312T/BU931ZTFI 
Jf iwcrosectrrowics BU931ZSM 


HIGH VOLTAGE IGNITION COIL DRIVER 
NPN POWER DARLINGTON 


PRELIMINARY DATA 


VERY RUGGED BIPOLAR TECHNOLOGY 

BUILT IN CLAMPING ZENER 

a» HIGH OPERATING JUNCTION 
TEMPERATURE 

» WIDE RANGE OF PACKAGES 

» NEW REAL POWER SURFACE MOUNTING 

PACKAGE (Power SO-10) 


APPLICATIONS 
a» HIGH RUGGEDNESS ELECTRONIC 
IGNITIONS 


DIAGRAM 


for Power SO-10 
Emitter: pins 1-5 
Base: pins 6 - 10 
Collector: tab 


$CO6510 E (3) 


ABSOLUTE MAXIMUM RATINGS 


Symbol Parameter 
natal BU931ZTF cere 
| le |BaseCurent A 
[tow [Base Peck ourent ——SSC~C“~“~s‘~dCSC“‘“‘SSSC*CSSCSC“‘CSSC#dSCAC*C 
| Ptot___| Total Dissipation at T. = 25 °C 125 


Max. Operating Junction Temperature 175 °C 
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BU9312T/BU931ZTFI/BU931SM 


THERMAL DATA 


pf 0-220 | tS OWATT2ZO | PowerSO-10 


ELECTRICAL CHARACTERISTICS (Tease = 25 °C unless otherwise specified) 


Ices Collector Cut-off 
Current (VBE = 0 


) 
Ices Collector Cut-off 
Current (Vee = 0) 


Emitter Cut-off Current |Veg = 5 V 
(Ic = 0) 


VoL* Clamping Voltage lc = 100 mA 


VceE(sat)* |Collector-Emitter lc=7A 
Saturation Voltage Ic=8A 
Ic=10A 


VBE(sat)* 


Nre* 
VF 


Functional Test 
(see fig. 1) 


INDUCTIVE LOAD 
Storage Time 


~~ oe 
=a Oo 


(see fig. 3) 
» Pulsed: Pulse duration = 300 us, duty cycle 1.5% 


Safe Operating Areas 


I¢(A) ee 
Ie MAX f{{7——PULSE OPERATION * 

P| PULSED [[P Ae 

Cd NE 0 ee eee ee 


— | = 
je LL NNN 
a Sma I 


el 
as 8 


=S——_—O— SSS 8 


Hit Atl 
i A Zall 
TAC LT 


ALN : 
| r0-220 Jso-10]/ NN III 


Lo eZ 
eel 


a 
vot LUT TT TTTTIN 
6 * For single non FRE 
-——{ repetitive pulse Ff 


LLL Co 


2 4 6 8 v4 4 6 8 2 
10° 10! 107 


a a 4 
es ee 


> 


Vee (V) 
yy 
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Test Conditions 


Vce = 450 V 
Vc—E=450V_ T,= 150°C 
Vce = 400 V 


ls = 70 mA 
lp = 100 mA 
Ip = 250 mA 


Voc = 24 V L= 7 mH 


Vec = 12 V L= 7 mH Velamp = 300 V 
lc=7A Ip =70mMA 
Fall Time Vee = O Ree = 47 Q 


DC Current Gain 
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Collector-emitter Saturation Voltage 


Collector-emitter Saturation Voltage 


GC-0355 


Veeisat) 
(V) 


mi 0354 
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Base-emitter Saturation Voltage 


Base-emitter Saturation Voltage 


(A) 
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10 


CS AS AS GD SEA. WH, A NED RNS OT SS NS 
CS NS CRANE ED SN A. TO, ‘NSE A Ss 
SS NS BW, 2 eee ee 


Veetsot) 
(V) 
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BU931ZT/BU931ZTFI/BU931SM 


FIGURE 1: Functional Test Circuit FIGURE 2: Functional Test Waveform 
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ORIVER AND 
CURRENT 
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CURRENT 
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CURRENT 0 


0 
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FIGURE 3: Switching Time Test Circuit 
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Gay SGS-THOMSON 8zW04-5V8,B/376,B 


TRANSIL 


FEATURES 


» PEAK PULSE POWER= 400 W @ 1ms. 
=» STAND-OFF VOLTAGE RANGE : 
From 5V8 to 376 V. 
a» UNI AND BIDIRECTIONAL TYPES. 
n LOW CLAMPING FACTOR. 
=» FAST RESPONSE TIME: 
Tclamping : 1ps (0 V to VBR). 
» UL RECOGNIZED. 


F126 
(Plastic) 


DESCRIPTION MECHANICAL CHARACTERISTICS 

Transil diodes provide high  overvoltage =» Body marked with : Logo, Date Code, Type 
protection by clamping’ action. Their Code and Cathode Band (for unidirectional 
instantaneous reponse to transients makes them types only). 

particularly suited to protect voltage sensitive = Tinned copper leads. 


devices such as MOS Technology and low 


= High temperature soldering. 
voltage supplied IC’s. 


ABSOLUTE RATINGS (limiting values) 


Peak pulse power dissipation Tamb = 25°C 
See note 1 and derating curve Fig 1. 
Power dissipation on infinite heatsink Tlead = 75°C 4 
See note 1 and derating curve Fig 1. 
lIFSM Non repetitive surge peak forward current Tamb = 25°C 50 A 
For Unidirectional types t=10 ms 
Tstg Storage and junction temperature range -65to +175 °C 
Tj 175 °C 
TL Maximum lead temperature for soldering 230 °C 
during 10 s. 
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BZW04-xx 


THERMAL RESISTANCES 


Symbol 


Rth (j-l) Junction-leads on infinite heatsink 
Rth (j-a) | Junction to ambiant. on printed circuit. 


Parameter 


Liead = 10 mm 


ELECTRICAL CHARACTERISTICS 


Unidirectional | Bidirectional V 


P = Prevered device 


2/7 


BZW04-5V8 


BZWO04P6V4 | P 


BZW04-6V4 
BZW04P7V0 
BZW04-7V0 
BZW04P7V8 
BZW04-7V8 
BZWO04P8V5 
BZW04-8V5 
BZW04P9V4 
BZW04-9V4 
BZW04P10 
BZW04-10 
BZW04P11 
BZW04-11 
BZW04P13 
BZW04-13 
BZW04P14 
BZW04-14 
BZW04P15 
BZW04-15 
BZW04P17 
BZW04-17 
BZW04P19 
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Parameter 


Stand-off voltage. 
Breakdown voltage. 


Clamping voltage 


Leakage current @ VRM. 
Voltage temperature coefficient. 


Forward Voltage drop 
VE <3.5V @ IF =25A. 


IRM@VRu | VBR @ §$IR 


min nom max 


aT Cc 
max typ 
note3 | note4 


pv | v|mal v | al v | A |104rc! (pr | 
6.8 | 7. : : 5./ 


BZW04-5V8B 
BZWO04P6V4B 
BZW04-6V4B 
BZW04P7V0B 
BZW04-7V0B 
BZW04P7V8B 
BZW04-7V8B 
BZWO04P8V5B 
BZW04-8V5B 
BZWO04P9V4B 
BZW04-9V4B 
BZWO04P10B 
BZW04-10B 
BZW04P11B 
BZW04-11B 
BZW04P13B 
BZW04-13B 
BZW04P14B 
BZW04-14B 
BZW04P15B 
BZW04-15B 
BZW04P17B 
BZW04-17B 
BZW04P19B 


Ce ee een een en ee ee ee ee ee ee ee 


Oanaananaaa»a»»ni»nnan 


AYy BiSctecowes 


BZW04-xx 


VBR @ IR |VCL@!pp|VcL@Ipp| oT C 
min nom max max max max typ 
10/1000us 8/20uUS note3 | note4 


Bidirectional | wA | Vv | v| viv {mal v | a |v | A [10-4c| (pF | 
9} 22 : 9.2 


BZW04-19 
BZW04P20 
BZW04-20 
BZW04P23 
BZW04-23 
BZW04P26 
BZW04-26 
BZW04P28 
BZW04-28 
BZW04P31 
BZW04-31 
BZW04P33 
BZW04-33 
BZW04P37 
BZW04-37 
BZW04P40 
BZW04-40 
BZWO04P44 
BZW04-44 
BZW04P48 
BZW04-48 
BZWO04P53 
BZW04-53 
BZW04P58 
BZW04-58 
BZW04P64 
BZW04-64 
BZW04P70 
BZW04-70 
BZW04P78 
BZW04-78 
BZW04P85 
BZW04-85 
BZW04P94 
BZW04-94 
BZW04P102 
BZW04-102 
BZW04P111 
BZW04-111 
BZW04P 128 
BZW04-128 
BZW04P 136 
BZW04-136 
BZW04P145 
BZW04-145 
BZW04P154 
BZW04-154 
BZW04P171 
BZW04-171 
BZW04P188 
BZW04-188 
BZW04P213 
BZW04-213 
BZW04P239 
BZW04-239 


BZW04-19B 
BZW04P20B 
BZW04-20B 
BZW04P23B 
BZW04-23B 
BZW04P26B 
BZW04-26B 
BZW04P28B 
BZW04-28B 
BZW04P31B 
BZW04-31B 
BZW04P33B 
BZW04-33B 
BZW04P37B 
BZW04-37B 
BZW04P40B 
BZW04-40B 
BZW04P44B 
BZW04-44B 
BZW04P48B 
BZW04-48B 
BZW04P53B 
BZW04-53B 
BZW04P58B 
BZW04-58B 
BZW04P64B 
BZW04-64B 
BZW04P70B 
BZW04-70B 
BZW04P78B 
BZW04-78B 
BZW04P85B 
BZW04-85B 
BZW04P94B 
BZW04-94B 
BZW04P102B 
BZW04-102B 
BZW04P111B 
BZW04-111B 
BZW04P128B 
BZW04-128B 
BZW04P136B 
BZW04-136B 
BZW04P145B 
BZW04-145B 
BZW04P154B 
BZW04-154B 
BZW04P171B 
BZW04-171B 
BZW04P188B 
BZW04-188B 
BZW04P213B 
BZW04-213B 
BZW04P239B 
BZW04-239B 
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P = Prevered device 
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BZW04-xx 


IRM @ VRM @ aT C 
max min nom max max typ 
note3 | note4 


Unidirectional | Bidirectional | vA | v | v |v |v [mal v | A | v | A |10-4C! (pF) | 
11 90 


BZW04P256 BZW04P256B 


BZW04-256 BZW04-256B 


BZW04P273 BZW04P273B 
BZW04-273 BZW04-273B 
BZWO04P299 BZW04P299B 
BZW04-299 BZW04-299B 
BZW04P342 BZW04P342B 
BZW04-342 BZW04-342B 
BZW04P376 BZW04P376B 
BZW04-376 | P BZW04-376B 


annanaj»n«»nnnan on 
ee ee ee ee ee ee ee 2 


All parameters tested at 25 °C, except where indicated. 


P = Prefered device 


% |pp 


Peak Power 
(on printed circuit). 


10 ys 


100 


PULSE WAVEFORM 10/1000 ps 
50 }--f------- 


0 t 
1000 ns 
0 20 40 60 80 100 120 140 160 180 200 
Note 1:  Forsurges greater than the maximum values, Figure 1: Power dissipation derating versus 
the diode will present a short-circuit Anode - Cathode. ambient temperature 


Note 2: Pulse test: Tp < 50 ms 
Note 3: AVsr = aT + (Ta - 25) - Varyesec). 


Note 4: VR =0V, F =1 MHz For bidirectional types, 
capacitance value is divided by 2. 
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BZW04-xx 


Figure 2 : Peak pulse power versus exponential pulse duration. 
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Figure 3 : Clamping voltage versus peak pulse current. 
exponential waveform t = 20 us 
t = 1ms_ ------------- 
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Note : The curves of the figure 3 are specified for a junction temperature of 25 °C before surge. 

The given results may be extrapolated for other junction temperatures by using the following formula : 
AV (BR) = &T (V(BR)) * [Ta -25] * V (BR). 

For intermediate voltages, extrapolate the given results. 
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Figure 4a : Capacitance versus reverse applied 
voltage for unidirectional types (typical values). 
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Figure 5 : Peak forward voltage drop versus 
peak forward current (typical values for 
unidirectional types). 


Note : For units with Ver > 200 V 
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Figure 4b : Capacitance versus reverse applied 
voltage for bidirectional types (typical values) 
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Figure 6 : Transient thermal impedance 
junction-ambient versus pulse duration. For a 
mounting on PC Board with L tead = 10mm. 
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ORDER CODE 


BZW 04 - 


400 W _ 


TOLERANCE :«<———__— 


- = +/- 5% 
P = -5%, +10%. 


BZW04-xx 


10 B RL 


_ PACKAGING: 
= Ammopack 
RL = Tape and reel. 
BIDIRECTIONAL 
STAND-OFF VOLTAGE 


MARKING : Logo, Date Code, Type Code, Cathode Band (for unidirectional types only). 


PACKAGE MECHANICAL DATA 
F 126 (Plastic). 


Packaging : standard packaging is in tape and reel. 


‘yy 


Millimeters 


Inches 
min max min ma 


il | 

| od | 295 | 305 | 0116 | 0.120 
re i ee eee Se eee 
fe ge IE, ee ee Aik 70050 


note1:The diameter © b2 is not controlled over zone L; 
Weight = 0.4 g. 
SGS-THOMSON as 
MICROELECTRONICS 
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(wy, 2GS-THOMSON 
AYA iwicnoruernomes  BZW50-10,B/180,B 


TRANSIL 


FEATURES 


» PEAK PULSE POWER= 5000 W @ 1ms. 
a STAND-OFF VOLTAGE RANGE : 
From 10V to 180 V. 
» UNI AND BIDIRECTIONAL TYPES. 
a LOW CLAMPING FACTOR. 
=» FAST RESPONSE TIME: 
Tclamping : 1ps (0 V to VBR). 


AG 
(Plastic) 
DESCRIPTION MECHANICAL CHARACTERISTICS 
Transil diodes provide high _overvoltage a Body marked with : Logo, Date Code, Type 
protection by clamping action. Their Code and Cathode Band (for unidirectional 


instantaneous reponse to transients makes them types only). 

particularly suited to protect voltage sensitive = Tinned copper leads. 
devices such as MOS Technology and low 2 High temperature soldering. 
voltage supplied IC’s. 


ABSOLUTE RATINGS (limiting values) 


re pulse power dissipation Tamb = 25°C ae 
See note 1 and derating curve Fig 1. 
Power dissipation on infinite heatsink Tlead = 75°C 6.5 
See note 1 and derating curve Fig 1. 
IFSM Non repetitive surge peak forward current Tamb = 25°C 
For Unidirectional types. t=10 ms 
"9 Storage and junction temperature range -65to +175 
175 
Maximum lead temperature for soldering 
during 10 s. 
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BZW50-10,B/180,B 


THERMAL RESISTANCES 


Symbol Parameter 
Rth (j-l) Junction-leads on infinite heatsink 
Rth (j-a) | Junction to ambient. on printed circuit. Liead = 10 mm 


Parameter 
VRM Stand-off voltage. 

VBR Breakdown voltage. 

VOL Clamping voltage. 
Leakage current @ VRM. 
Surge current. 


Voltage temperature coefficient. 


IRM @ VRM aT Cc 
max typ 
note3 | note4 


Bidirectional | wA | Vv | v | v | v | mal v | a | v | A ([10-4rc| (pF) | 
E : : : 78 


BZW50-10 
BZW50-12 
BZW50-15 
BZW50-18 
BZW50-22 
BZW50-27 
BZW50-33 
BZW50-39 
BZW50-47 
BZW50-56 
BZW50-68 
BZW50-82 
BZW50-100 
BZW50-120 
BZW50-150 
BZW50-180 


BZW50-10B 
BZW50-12B 
BZW50-15B 
BZW50-18B 
BZW50-22B 
BZW50-27B 
BZW50-33B 
BZW50-39B 
BZW50-47B 
BZW50-56B 
BZW50-68B 
BZW50-82B 
BZW50-100B 
BZW50-120B 
BZW50-150B 
BZW50-180B 


AaAnaa°nannananaainan»;nin 


— 


a ae ee ee ee ee a eee a ca ce a ca ca © 


All parameters tested at 25 °C, except where indicated. 


Note 2: Pulse test: Tp < 50 ms. 
Note 3: AVer = aT - (Ta - 25) - Veryesec). 


Note 4: VR=0V, F=1 MHz. For bidirectional types, capacitance value is divided by 2. 
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BZW50-10,B/180,B 


% Ipp 


10 pus 


100 


PULSE WAVEFORM 10/1000 ps 
50 }--f------- 


1000 ps 


Note 1: For surges greater than the maximum values, 


the diode will present a short-circuit Anode - Cathode 


Peak Power 


Average Power 
(on infinite heatsink). 


(on printed circuit). 
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ee 1: Power dissipation derating versus 
ambient temperature 
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BZW50-10,B/180,B 


Figure 2 : Peak pulse power versus exponential pulse duration. 
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Figure 3 : Clamping voltage versus peak pulse current. 
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Note : The curves of the figure 3 are specified for a junction temperature of 25 °C before surge. 
The given results may be extrapolated for other junction temperatures by using the following formula : 
AV (BR) = aT (V(BR)) * [Ta -25] * V (BR). 

For intermediate voltages, extrapolate the given results. 
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BZW50-10,B/180,B 


Figure 4a : Capacitance versus reverse applied 
voltage for unidirectional types (typical values). 
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Figure 5 : Peak forward voltage drop versus 
peak forward current (typical values for 
unidirectional types). 


Note : For units with Ver > 200 V 
Ve is twice than shown. 
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Figure 4b : Capacitance versus reverse applied 
voltage for bidirectional types (typical values) 
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Figure 6 : Transient thermal impedance 
junction-ambient versus pulse duration. For a 
mounting on PC Board with L tead = 10mm. 
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BZW50-10,B/180,B 


ORDER CODE 


STAND-OFF VOLTAGE «—————__ ———» BIDIRECTIONAL. 


MARKING : Logo, Date Code, Type Code, Cathode Band (for unidirectional types only). 


PACKAGE MECHANICAL DATA 
AG plastic. 


Millimeters Inches 
min max min max 


| op | - | 6 | 


note 1 : The lead diameter @ be is not controlled over 
zone L, 
note 2 : 20mm minimum between bendings. 


Weight = 1.6 g. 


Packaging : standard packaging is in bulk. 
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kyz 3&S;THOMSON LDP24AS 


TRANSIL 
LOAD DUMP PROTECTION 


FEATURES 


a TRANSIENT VOLTAGE SUPPRESSOR 
DIODE ESPECIALLY DESIGNED FOR 
LOAD DUMP EFFECT PROTECTION 

a HIGH SURGE CURRENT CAPABILITY : 
40 A/ 40 ms EXPONENTIAL WAVE 

m COMPLIANT WITH MAIN STANDARDS 
SUCH AS: 

-ISO/DTR 7637 
-SAEJ 11134 ... 


DESCRIPTION 


Transient voltage suppressor diode especially 
developed for sensitive circuit protection in 
automotive systems such as dash board, car radios 
etc. 


Its high surge current capability and instantaneous 
response to transients provide an_ efficient 
protection against the load dump effect. 


AG 
(Plastic) 


ABSOLUTE RATINGS (limiting values) 
‘1 pulse ea dump overvoltage Tamb = 85°C 
See note 1 - 
cs Power dissipation on infinite heatsink Tamb = 100°C ie 
lIFSM Non repetitive surge peak forward current. Tj initial = 25°C 
t= 10ms 
"9 Storage and junction temperature range. -65 to +175 °C 
170 °C 
Maximum lead temperature for soldering 
during 10 sec at 4 mm from case. 


THERMAL RESISTANCES 


Rth (j-l) Junction-leads on infinite heatsink 
Rth (j-a) | Junction to ambient on printed circuit. Liead = 10 mm 


Note 1 : For surges greater than the maximum values, 
the diode will present a short-circuit Anode - Cathode. 
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ELECTRICAL CHARACTERISTICS 


a [Sawtiomee 
om [Seton 
Pe [reams 
Te few 


Te = -40°C 
TC = 25°C 
To = 85°C 


To = 25°C IR =1mA 


VBR 


Tc = -40°C IPP = 40A 
To = 25°C (Note 2) 
Tc = 85°C 


Note 2: Surge generator 


0.5 ohms 


OUTPUT VOLTAGE WITHOUT D UT 


C<100 pF 


tp = 40ms 
CURRENT THROUGH D U.T 
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Figure 1 : Peak pulse power versus exponential pulse duration (Tj initial =85°C). 
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Figure 2 : Clamping voltage versus peak pulse current (Tj initial =85°C). 
exponential waveform t =40ms ------------- 
t = 1ms 
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Figure 3 : Peak pulse current versus Figure 4 : Peak pulse power versus junction 
exponential pulse duration (Tj initial =85°C). temperature. 
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Figure 5 : Transient thermal impedance Figure 6 : Peak forward current versus 
junction-ambient versus pulse duration (device peak forward voltage drop (typical values). 
mounted on PC Board with L lead = 10mm). 
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PACKAGE MECHANICAL DATA 


ORDER CODE AG (Plastic). 


LDP 24 A S RL 
| 
PACKAGING: 


= Ammopack 
Sa a RL = Tape and reel 


STAND OFF VOLTAGE MESA GLASS 


AG CASE 


MARKING : Logo, Date Code, Type Code, Millimeters Inches 
Cathode Band. 
Weight = 1g. | Boe | 1.35 | 


Packaging : standard packaging is in tape and reel. 


Note1: The diameter @ b2 ts not controlled over zone L1. 
Cooling method : by convection (method A). 
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MICROELECTRONICS MTP3055EFI 

N - CHANNEL ENHANCEMENT MODE 

POWER MOS TRANSISTORS 
PEs | Ven | may (i 


MTP3055EF| 60 V 0.152 10A 

AVALANCHE RUGGEDNESS TECHNOLOGY 

100% AVALANCHE TESTED 

REPETITIVE AVALANCHE DATA AT 100°C 

LOW GATE CHARGE 

HIGH CURRENT CAPABILITY 

175°C OPERATING TEMPERATURE FOR 

STANDARD PACKAGE 

» APPLICATION ORIENTED 
CHARACTERIZATION TO-220 ISOWATT220 

« ISOLATED PACKAGE UL RECOGNIZED, 

ISOLATION TO 2000V DC 


APPLICATIONS 

HIGH CURRENT, HIGH SPEED SWITCHING 
SOLENOID AND GECAY DAIVERS INTERNAL SCHEMATIC DIAGRAM 
REGULATORS es 

DC-DC & DC-AC CONVERTERS 

MOTOR CONTROL, AUDIO AMPLIFIERS 
AUTOMOTIVE ENVIRONMENT (INJECTION, 
ABS, AIR-BAG, LAMPDRIVERS, Etc.) 


ABSOLUTE MAXIMUM RATINGS 


MTP3055E MTP3055EFI 
Drain-source Voltage (Ves = 0) 


to [Drain Current (contyatTe= 100° | os 
Pi [Total Dissipation at Te=25°% ——=~S~*dC“‘éCOON’#*#*d’#SCO~#~« é*~* 
[Joerating Factor —SSSCSC*~=“~*‘“‘“~*~dSCSC‘“‘i aSSCSC*dSCC‘ 


Max. Operating Junction Temperature 


(e). Pulse width limited by safe operating area 
(#) Tc = 50 °C for TO-220 


April 1992 1/6 


625 


MTP3055E/FI 


THERMAL DATA 


Rthj-amb | Thermal Resistance Junction-ambient Max °C/W 
Rthe-s | Thermal Resistance Case-sink Typ 
Maximum Lead Temperature.For Soldering Purpose 


AVALANCHE CHARACTERISTICS 


Avalanche Current, Repetitive or Not-Repetitive 
(pulse width limited by T, max, 6 < 1%) 


Eas Single Pulse Avalanche Energy 35 mdJ 
(starting T, = 25 °C, Ip = lar, Vop = 25 V) 

Ear Repetitive Avalanche Energy mJ 
(pulse width limited by Tj max, 6 < 1%) 


Avalanche Current, Repetitive or Not-Repetitive 
(Tc = 100 °C, pulse width limited by T, max, 6 < 1%) 


lAR 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 
OFF 


Symbol Parameter Test Conditions 


Viprypss_ |Drain-source Ipb=250 nA Ves=0 
Breakdown Voltage 


loss Zero Gate Voltage Vps = Max Rating 
Drain Current (Ves = 0) |Vps = Max Rating x 0.8 Te = 125 °C 
lass Gate-body Leakage Vas=+t20V 
Current (Vps = 0) 
ON (*) 


Symbol Test Conditions 
Gate Threshold Voltage |Vos = Vas Ip = 250 pA 2 


Rpsion) {Static Drain-source On |Vas=10V Ib=7A 
Resistance 
tee er Staite Drain Current |Vps > Ip(on) X Ros(on)max Vas = 10 V a 


DYNAMIC 


Symbol Test Conditions 


Gis (*) |Forward Vos > Ipion) X Rps(onymax ID=7A 
Transconductance 


Ciss Input Capacitance Vps=25V f=1MHz Ves=0 
Coss Output Capacitance 
Crss Reverse Transfer 

Capacitance 


2/6 


key, SGS-THOMSON 
7 wicnoeuecrromes 


626 


MTP3055E/Fli 


ELECTRICAL CHARACTERISTICS (continued) 
SWITCHING RESISTIVE LOAD 


[Symbol | Paemeter [Test onavons [wns [Top [wae [ Unit 


Turn-on Time Vop=25V IpD=9A 
Rise Time Re=502 Ves=10V 
Turn-off Delay Time (see test circuit) 

Fall Time 


Total Gate Charge Ipn=14A Ves=10V 18 25 nc 
es =40V 
(see test circuit) 


SOURCE DRAIN DIODE 


re cma Aeon ae 


Source-drain Current 14 
Source- j Current 56 
Isom(#) (pulsed) ( 


| Vsp (#*) | Vsp (*) [Forward On Voltage Isp = 14A Iso=14A Ves=0 | = 


Isp = 14A_ di/dt = 100 A/us 
Vop = 30 V_ T, = 150 °C 


se 


Reverse Recovery 
Time 

Reverse Recovery 
Charge 


(*) Pulsed: Pulse duration = 300 ps, duty cycle 1.5% 
(e) Pulse width limited by safe operating area 


Safe Operating Area for TO-220 Safe Operating Area for ISOWATT220 
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Thermal Impedance for TO-220 
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Derating Curve for TO-220 
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Output Characteristics 
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Thermal Impedance for ISOWATT220 
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Derating Curve for ISOWAT 1220 
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Transconductance 
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Normalized On Resistance vs Temperature 
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Static Drain-source On Resistance 
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Capacitance Variations 
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Unclamped Inductive Load Test Circuit Unclamped Inductive Waveforms 


V(BR)DSS 


SCOS980 
5C05370 


Switching Time Test Circuit Gate Charge Test Circuit 
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fy, SGS-THOMSON __ PekEsveP,a/a0P,a 
JF WWiCROELECTROMCS | P6KE6V8CP,A/440CP,CA 


TRANSIL 


FEATURES 


s PEAK PULSE POWER= 600 W @ ims. 

a BREAKDOWN VOLTAGE RANGE : 
From 6V8 to 440 V. 

a UNI AND BIDIRECTIONAL TYPES. 

u LOW CLAMPING FACTOR. 

a FAST RESPONSE TIME: 
Tclamping : ips (0 V to VBR). 

» UL RECOGNIZED. 


CB417 
(Plastic) 


DESCRIPTION MECHANICAL CHARACTERISTICS 

Transil diodes provide high  overvoltage =» Body marked with : Logo, Date Code, Type 
protection by clamping’ action. Their Code, and Cathode Band (for unidirectional 
instantaneous reponse to transients makes them types only). 

particularly suited to protect voltage sensitive = Tinned copper leads. 


devices such as MOS Technology and low 


a High temperature soldering. 
voltage supplied IC’s. 


ABSOLUTE RATINGS (limiting values) 


rt ve 
Peak pulse power dissipation Tamb = 25°C W 
See note 1 and derating curve Fig 1. 
Power dissipation on infinite heatsink Tlead = 75°C 5 WwW 
See note 1 and derating curve Fig 1. 
IFSM Non repetitive surge peak forward current Tamb = 25°C 100 A 
For Unidirectional types. t=10 ms 
Tstg Storage and junction temperature range -65 to +175 °C 
Tj 175 °C 
TL Maximum lead temperature for soldering 230 °C 
during 10s. 
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THERMAL RESISTANCES 


Symbol Parameter 
Rth (j-l) Junction-leads on infinite heatsink 
Rth (j-a) | Junction to ambient. on printed circuit. Liead = 10 mm 


ELECTRICAL CHARACTERISTICS 


Symbol 


Parameter 


Stand-off voltage. 


IRM Leakage current @ VRM. 


Surge current. 


Voltage temperature coefficient. 


VoL | Clamping voltage. 


VRM 
VBR Breakdown voltage. 
VCL 

OUT 

VF 


Forward Voltage drop 
VE <3.5V @ IF =50A. 


Unidirectional 


TYPES IRM @ VRM IR | VCL @ Ipp | VcL @ Ipp 


max 


VBR @ 
min nom max 


oT C 
max typ 
notes | note4 


pv [viviv imal v | a] v | A |10-4rC! (pr) 
: : : : 5.7 


Bidirectional 


P6KE6V8P P6KE6V8CP 

P P6KE6V8A | P P6KE6V8CA 5.7 
P6KE7V5P P6KE7V5CP 
P6KE7V5A | P P6KE7V5CA 


P6KE8V2P | P P6&KE8V2CP 


P P6KE8V2A P6KE8V2CA 
P6KE9V1P P6KE9V1CP 1 
P6KESVIA P6KE9VICA 1 
P P6KE10P P6KE10CP 1 
P6KE10A P6KE10CA 1 
P6KE11P P6KE11CP 1 
P6KE11A P6KE11CA 5 1 
P P6KE12P P P6KE12CP 5 1 
P6KE12A P6KE12CA 5 1 
P6KE13P P6KE13CP 5 1 
P P6KE13A P P6KE13CA 2 1 
P P6KE15P P P6KE15CP 5 1 
P6KE15A P6KE15CA 5 1 
P6KE16P P6KE16CP 5 1 
P6KE16A P6KE16CA 5 1 
P P6KE18P P P6KE18CP 5 1 
P P6KE18A P P6KE18CA s) 1 
P6KE20P P P6KE20CP 5 1 
P P6KE20A P P6KE20CA 5 1 
P6KE22P P P6KE22CP 5 1 


P = Prefered device 
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TYPES IRM@VRM | VBR @ IR | VcL @ IPP! VcL @ Ipp 
max min nom max max max 
note2 10/1000ps 8/20us note3 a 


Unidirectional | Bidirectional | ya |v |v {vty [mal v {a |v | a [rel ion | 


P6KE22A P6KE22CA bs) 1 
P6KE24P P6KE24CP 5 1 
P P6KE24A P6KE24CA 5 1 
P P6KE27P P P6KE27CP 5 1 
P6KE27A P6KE27CA 5 1 
P P6KE30P P P6KE30CP s) 1 
P P6KE30A P P6KE30CA 5 1 
P6KE33P P6KE33CP 5 1 
P P6KE33A P P6KE33CA 5 1 
P P6KE36P P P6KE386CP 5 1 
P P6KE36A P6KE36CA 5 1 
P P6KE39P P P6KE389CP 3) 1 
P P6KE39A P P6KE39CA ) 1 
P6KE43P P6KE43CP 5 1 
P6KE43A P6KE43CA 5 1 
P6KE47P P P6KE47CP 5 1 
P6KE47A P P6KE47CA 5 1 
P6KE51P P P6KE51CP 5 1 
P6KE51A P P6KE51CA bs) 1 
P6KE56P P P6KE56CP 5 1 
P6KES6A P6KE56CA ts) 1 
P6KE62P P6KE62CP 5 1 
P6KE62A P6KE62CA 5 1 
P6KE68P P P6KE68CP 5 1 
P6KE68A P6KE68CA s) 1 
P6KE75P P6KE75CP ) 1 
P6KE75A P6KE75CA 5 1 
P6KE82P P P6KE82CP 5 1 
P6KE82A P6KE82CA 5 1 
P6KE91P P6KE91CP 5 1 
P6KE91A P6KE91CA 5 1 
P6KE100P P6KE100CP 3) 1 
P6KE100A P6KE100CA 5 1 
P6KE110P P6KE110CP 5 1 
P6KE110A P6KE110CA 5 1 
P6KE120P P6KE120CP 5 1 
P6KE120A P6KE120CA 5 1 
P6KE130P P P6KE130CP 5 1 
P6KE130A P6KE130CA fs) 1 
P6KE150P P P6KE150CP 2) 1 
P P6KE150A P P6KE150CA 5 1 
P6KE160P P P6KE160CP 5 1 
P6KE160A P6KE160CA 5 1 
P6KE170P P6KE170CP 5 1 
P6KE170A P6KE170CA 5s) 1 
P6KE180P P P6KE180CP s) 1 
P6KE180A P6KE180CA 5 1 
P6KE200P P P6KE200CP 5 1 
P P6KE200A P P6KE200CA 5 1 
P6KE220P P6KE220CP 5 1 
P6KE220A P6KE220CA 3) 1 
P6KE250P P P6KE250CP ) 1 
P6KE250A P6KE250CA bs) 1 
P6KE280P P6KE280CP fs) 1 
P6KE280A P6KE280CA a) 1 


P = Prefered device 
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P6KExx 
IR | VCL@ IPP | VcL @ Ipp 
min nom max max max 


TYPES IRM @ VRM aT C 
max max {| typ 
note2 10/1000us 8/20us note3 fae 


Unidirectional {| Bidirectional | yA | _v |v |v |v fmal _v_{ a} Vv _{ a [ro4re! (pr) 


VBR @ 


P6KE300P P6KE300CP 5 1 
P6KE300A P6KE300CA 5 1 
P6KE320P P6KE3820CP 5 1 
P6KE320A P6KE320CA 5 1 
P6KE350P P6KE3500P 5 1 
P P6KE350A P6KE350CA bs) 1 
P P6KE400P P P6KE400CP 5 1 
P6KE400A P6KE400CA 5 1 
P P6KE440P P P6KE440CP 5 1 
P6KE440A P6KE440CA 5 1 


All parameters tested at 25 °C, except where indicated. 


P = Prefered device 


“ 10 ps 


PULSE WAVEFORM 10/1000 ps 


cHrRSS Saas 
Le Average Power oN 7 
BE (on infinite heatsink). INT 


20 40 60 80 100 120 140 aN 180 200 


Note 1: For surges greater than the maximum values, ae 1: Power dissipation derating versus 
the diode will present a short-circuit Anode - Cathode ambient tem perature 


50 [--f------- 


1000 ps ae 


Note 2: Pulse test: Tp < 50 ms. 
Note 3: AVpr = aT + (Ta - 25) + Verasec). 


Note 4: VR=0OV, F=1 MHz. For bidirectional types, 
capacitance value is divided by 2. 
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Figure 2 : Peak pulse power versus exponential pulse duration. 
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Figure 3 : Clamping voltage versus peak pulse current. 
exponential waveform t = 20 us 
t = ims ------------- 
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Note : The curves of the figure 3 are specified for a junction temperature of 25 °C before surge. 

The given results may be extrapolated for other junction temperatures by using the following formula : 
AV (BR) = aT (V(BR)) * [Ta -25] * V (BR). 

For intermediate voltages, extrapolate the given results. 
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Figure 4a : Capacitance versus reverse applied 
voltage for unidirectional types (typical values). 
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Figure 5 : Peak forward voltage drop versus 
peak forward current (typical values for 
unidirectional types). 


Note : For units with Var > 200 V 
Ve is twice than shown. 
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Figure 4b : Capacitance versus reverse applied 
voltage for bidirectional types (typical values) 
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Figure 6 : Transient thermal impedance 
junction-ambient versus pulse duration. For a 
mounting on PC Board with L teaq = 10mm. 
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ORDER CODE 


P6 KE RL 


600 W L, PACKAGING: 
= Ammopack 


RL = Tape and reel. 


BREAKDOWN VOLTAGE 4! 
TOLERANCE : 


A = +/- 5% 
BIDIRECTIONAL P = 5%, 410%. 


MARKING : Logo, Date Code, Type Code, Cathode Band (for unidirectional types only). 


PACKAGE MECHANICAL DATA 
CB417 (Plastic). 


ky7 SGS-THOMSON 


P6KEXxx 


note1:The diameter © b2 is not controlled over zone L; 
Weight = 0.65 g. 


Packaging : standard packaging !s in tape and reel. 
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STi 365 THOMSON PL360D 


TRANSIL 


FEATURES 


PEAK PULSE POWER= 300 W @ 1ms. 
BREAKDOWN VOLTAGE = 330 V min. 
UNIDIRECTIONAL TRANSIL. 

LOW CLAMPING FACTOR. 

FAST RESPONSE TIME: 

Tclamping : 1ps (0 V to VBR). 


F126 
(Plastic) 


DESCRIPTION MECHANICAL CHARACTERISTICS 
Transil diodes provide high overvoltage x Body marked with : Logo, Date Code, Type 
protection by clamping action. Code and Cathode Band . 
The PL360D has been especially designed for = Tinned copper leads. 
transistor protection in electronic ignition circuits. x High temperature soldering. 


Connected across collector and base, it avoids 
any transistor damage when a spark plug is’ 
fouled or disconnected. 


ABSOLUTE RATINGS (limiting values) 


Peak pulse power dissipation Tamb = 25°C 
See note 1 and derating curve Fig 1. 
Power dissipation on infinite heatsink Tlead = 75°C 
See note 1 and derating curve Fig 1. 
Operation temperature. - 55 to 150 


Tstg Storage and junction temperature range. - 55 to + 150 °C 
Tj 150 °C 
TL Maximum lead temperature for soldering 300 °C 

during 3 sec at 5 mm from case. 
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THERMAL RESISTANCES 


Rth (j-l) Junction-leads on infinite heatsink p60 |e 
Rth (j-a) | Junction to ambient on printed circuit. Liead = 10 mm 


ELECTRICAL CHARACTERISTICS 


Stand-off voltage 
BR 


Breakdown voltage. 
VCL Clamping voltage. 


IRM Leakage current @ VRM 
ee [Saeco 


Voltage temperature coefficient. 


VBR 
@ Tj= 120°C 


nih 
max max 

Vv 
| 35a | ais | 2 | 35 [| 


11 


max 
yA |v 
270 


% Ipp 


10 pus 


100 


PULSE WAVEFORM 10/1000 ps 


50 |--f------- 
salt £ re 
20% AS : 
eg tL et ON 
1000 ps 0% BS 
0 20 40 60 80 100 120 140 160 180 200 
Note 1:  Forsurges greater than the maximum values, Figure 1: Power dissipation derating versus 
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Figure 2 : Peak pulse power versus exponential pulse duration. 
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Figure 3 : Clamping voltage versus peak pulse current. 
exponential waveform t = 20 us 
t= 1ms_ ------------- 
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Note : The curves of the figure 3 are specified for a junction temperature of 25 °C before surge. 

The given results be extrapolated for other junction temperatures by using the following formula : 
AV (BR) = @T (V(BR)) * [Ta -25] * V (BR). 

For cede: pee extrapolate the given results. 
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Figure 4 : Capacitance versus reverse applied 
voltage. 
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Figure 6 : Transient thermal impedance 
junction-ambient versus pulse duration (device 
mounted on PC Board with L lead = 10mm). 
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Figure 5 : Peak forward voltage drop versus 
peak forward current (typical values for 
unidirectional types). 
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A PACKAGE MECHANICAL DATA 
ORDER CODE F126 (Plastic). 


i aa =F 
an ae ca 


PL360D RL 


PACKAGING: 
= Ammopack 
RL = Tape and reel. 


MARKING : Logo, Date Code, Type Code, 
Cathode Band. 


Millimeters Inches 
min max min max 


| od | 295 | 3.05 | o116 | 0.120 | 
| G | 605 | 635 | 0238 | 0.250 _ 


re a 
ee ee eee 
Fee 


Note1:The diameter @ bz is not controlled over zone L; 


Packaging : standard packaging is in tape and reel. Weight = 0.4 g. 
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RBOO8-40 
REVERSED BATTERY AND 


OVERVOLTAGE PROTECTION CIRCUIT (RBO) 


FEATURES 


a DISSIPATION THROUGH PIN 2: 
TAB CONNECTED TO GROUND 


» MONOLITHIC SILICON CHIP 


a NEGATIVE OVERVOLTAGE PROTECTION 
BY CLAMPING (COMPONENT T1) 


» BREAKDOWN VOLTAGE : 24 V min 
a CLAMPING VOLTAGE : + 40 V max 


» AVERAGE FORWARD CURRENT 
(COMPONENT D1) :8A 


DESCRIPTION 


Developed especially for automotive reversed 

battery operation and overvoltage protection, this 

monolithic component chip offers multiple func- 

tions in the same package (see page 3) : 

D1 : reversed battery protection 

T1 : clamping function to negative overvoltage 
effect 

T2 : Transil function to positive overvoltage 
effect 


ABSOLUTE RATINGS (limiting values) 


Peak pulse between Pins 1 and 3 @ T= 1 ms 
(see note 1) 


PRELIMINARY DATA 


A 

TAo 

TO 220 AB 
(Plastic) 
FUNCTIONAL DIAGRAM 
D1 
@) @ 
T2 
s 4 


Peak pulse power between Pins 2 and 3 @ T= 1 ms Tc = 85°C 1500 | ie | 
Total power dissipation 


Note 1 : for a surge greater than the maximum value, the source will present a short circuit. 
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RBOO8-40 
THERMAL RESISTANCE 


aaa 


VRM32 VRB32 VCL32 


be Ppa - 


ELECTRICAL CHARACTERISTICS 


Symbol Test Conditions 


VF 13 Maximum forward voltage @ IF =8A MAX 
Tj=85°C 

VF 413 Maximum forward voltage @ IF=4A MAX 1.35 
Tj=85°C 


VF 13 Maximum forward voltage @IF=1A Tj=85°C fMax}| og 


VBR 31 Breakdown voltage @ IR=1mA Tj=25°C V 
Premeeeni ee 
Tc=85°C 100 


VCL 31 Clamping voltage @ Ipp = 15A @ T=1 ms Tc=25°C MAX 


VBR 32 =| Breakdown voltage @ IR=1mA Tj=25°C fmin | 24s V 
IRM 32. ~+| Leakage current @ VRM = 20 V Tc=25°C 
To=85°C PO 


Note : 13 and 32 
Ex : VF 13 . between Pin 1 and Pin 3 
VBR 32 . between Pin 3 and Pin 2 
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RBOO8-40 


PRODUCT DESCRIPTION 


The RBO has 3 functions integrated on the 
same chip. 


D1 : “Rectifier function” in order to protect 
against reversed battery operation. 


T2 : “Transil function” in order to protect 
against positive surge generated by electric 
systems (ignition, relay. ...). 


T1 : Protection for motor drive application (See 
below). 


BASIC APPLICATION 


*The monolithic multi function protection (RBO) 
has been developed to protect sensitive semi- 
Protected . . . 
+42V conductors in the car electronic module against 
both overvoltage and battery reverse. 


*In addition, the RBO circuit prevents overvolt- 
ages generated by the module affecting the car 
supply network. 


SENSITIVE 
SEMICONDUCTOR 
PARTS 


CAR SUPPLY NETWORK 


DEVICE MOTOR CONTROL 


In this application, one half of the motor drive circuit is supplied through the “RBO” and is thus 
protected as per its basic function application. 

The second part is connected directly to the “car supply network” and is protected as follows : 

- For positive surges : T2 (clamping phase) and D1 in forward-biased. 

- For negative surges : T1 (clamping phase) and T2 in forward-biased. 
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RBOO8-40 


ORDERING INFORMATION 


RBO 08 


| Packages : 


Reversed Battery & T =TO 220 AB 
Overvolage protection 


PACKAGE MECHANICAL DATA (in millimeters) 
TO 220 AB Plastic 


10.9404 : 46520 17 


c| x 
etl; 
Ele 
min 
als 
=) <4 


0510.15 


Cooling method : C 
Marking : type number 
Weight : 2 g 

Polarity: NA 

Stud torque: NA 
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REVERSED BATTERY AND 
OVERVOLTAGE PROTECTION CIRCUIT (RBO) 


PRELIMINARY DATA 
FEATURES 
a DISSIPATION THROUGH PIN 2: 
TAB CONNECTED TO GROUND 
a MONOLITHIC SILICON CHIP 


a NEGATIVE OVERVOLTAGE PROTECTION 
BY CLAMPING (COMPONENT T1) 


a BREAKDOWN VOLTAGE : 24 V min 
a CLAMPING VOLTAGE : + 40 V max 


» AVERAGE FORWARD CURRENT 
(COMPONENT D1) : 40 A 


Ay Ao 


TO 220 AB 
(Plastic) 


DESCRIPTION FUNCTIONAL DIAGRAM 


Developed especially for automotive reversed 

battery operation and overvoltage (load dump) D1 

protection, this monolithic component chip offers @) 3) 

multiple functions in the same package (see 

page 4): 

Di : reversed battery protection 

T1 : clamping function to negative overvoltage T2 
effect 

T2 : Transil function to Load Dump effect T1 


ABSOLUTE RATINGS £(limiting values) 


IFSM Non repetitive surge peak forward current between Tj = 25°C 4 A 
Pins 1 and 3 @ T= 10 us 

IF(AV Average forward current between Pins 1 and 3 Te = 80°C a Sa 
Peak load dump voltage (see note 1 and 2) Tc = 85°C ee 
| Ppp | Peak pulse power between Pins 1 and 3 @ T= 1 ms Tc = 85°C 1500 
| P__| Total power aissipation jte=soro | 


Storage and junction temperature range - 40 to + 150 
qj 
TL 


Maximum lead temperature for soldering during 10 s at 4.5 mm from 230 


Notes 1 : for a surge greater than the maximum value, the source will present a short circuit. 
Notes 2 : see schaffner circuit page 3 
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RBO40-40 


THERMAL RESISTANCE 


Symbol Parameter 
re om 


VCLi3 VRB13  VRM13 
VRM32 VRB32 VCL32 


Le ph 4 - 
| | 


ELECTRICAL CHARACTERISTICS 


Symbol Test Conditions 


VF 13 Maximum forward voltage @ IF =40A Tj=25° MAX 
Tj=85° 
qj 


ae 
O1raos;oa 


VF 13 Maximum forward voltage @ IF =20A Tj=25° MAX 
T 


J 

j=85° 
VE 13 Maximum forward voltage @ IF =1A 

J 


C 

=85°C 

Breakdown voltage @ IR = 1mA Tj=25°C 
IRM 31 Leakage current @ VRy = 20 V Tc=25°C MAX 

Tc=85°C 300 


VCL 31 Clamping voltage @ Ipp = 375A @T=1ms] Tc=25°C 


MAX 


oO 


ao |o |r - — 
& Ny 


= << 
> >is 
< x |= 
a 

Oo rm |B 


io 
> 


KR 


> 
x< 
N 


—, 
Tc=85°C 


Note : 13 and 32 
Ex : VF 13 . between Pin 1 and Pin 3 
VBR 32 . between Pin 3 and Pin 2 
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RBO40-40 


SCHAFFNER CIRCUIT 


0.50hms 


Vpp=|80V 


Load dump waveform 


: Ipp - - 
Vpp iu E (t/0 164) 


Ipp/2 -- 
| 
l 
l 


0 
tp = 40ms 


OUTPUT VOLTAGE WITHOUT D.U.T CURRENT THROUGH DUT 
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RBO40-40 


PRODUCT DESCRIPTION 


The RBO has 3 integrated functions on the 
same chip. 


Di : “Rectifier function” in order to protect 
against reversed battery operation. 


T2 : “Transil function” in order to protect 
against Load dump generated by the alterna- 
tor. 


T1 : Protection for motor driver application 
(See below). 


BASIC APPLICATION 


*The monolithic multi function protection (RBO) 
has been developed to protect sensitive semi- 
conductors in the car electronic module against 
both overvoltage and battery reverse. 


*In addition, this RBO circuit prevents overvolt- 
ages generated by the module affecting the car 
supply network. 


SENSITIVE 
SEMICONDUCTOR 
PARTS 


DEVICE MOTOR CONTROL 


In this application, one half of the motor drive circuit is supplied through the “RBO” and is thus 
protected as per its basic function application. 

The second part is connected directly to the “car supply network” and is protected as follows : 

- For positive surges : T2 (clamping phase) and D1 forward-biased. 

- For negative surges : T1 (clamping phase) and T2 forward-biased. 
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RBO40-40 


ORDERING INFORMATION 


RBO 


| Packages : 


Reversed Battery & T = TO 220 AB 
Overvolage protection M = SOP 10 (Power SO) * 


IF(AvV) = 40 A 


* To be announced later on 


PACKAGE MECHANICAL DATA (in millimeters) 
TO 220 AB Piastic 


4.6520 17 


c|~x 
a oO 
ele 
nIlN 
alt 
“|< 


Cooling method : C 
Marking : type number 
Weight : 2g 

Polarity: NA 

Stud torque: NA 
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STi SGS-THOMSON SM4T6V8,A/220,A 
Sf | MICROELECTRONICS SM4T6V8C,CA/220C,CA 


TRANSIL 


FEATURES 


u PEAK PULSE POWER= 400 W @ ims. 

» BREAKDOWN VOLTAGE RANGE : 
From 6V8 to 220 V. 

a UNI AND BIDIRECTIONAL TYPES. 

a LOW CLAMPING FACTOR. 

a FAST RESPONSE TIME: 
Tclamping : 1ps (0 V to VBR). 

a JEDEC REGISTRED. 


SOD 6 
(Plastic) 


DESCRIPTION MECHANICAL CHARACTERISTICS 


Transil diodes provide high  overvoltage 
protection by — clamping econ: Their a Body marked with : Logo, Date Code, Type 


instantaneous reponse to transients makes them Code and Cathode Band (for unidirectional 
praticularly suited to protect voltage sensitive typesonly), ; 

devices such as MOS Technology and low a Full compatibility with both gluing and paste 
voltage supplied IC’s. soldering technologies. 


s Excellent on board stability. 
Tinned copper leads. 
« High temperature resistant resin. 


ABSOLUTE RATINGS (limiting values) 


Peak pulse power dissipation Tamb = 25°C 
See note 1 and derating curve Fig 1. 
Power dissipation on infinite heatsink Tlead = 50°C 
See note 1 and derating curve Fig 1. 
lIFSM Non repetitive surge peak forward current. Tamb = 25°C 
For unidirectional types. t=10 ms 
9 Storage and junction temperature range -65to +175 
150 
Maximum lead temperature for soldering 
during 10 s. 
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SM4Txx 


THERMAL RESISTANCES 


Rth (j-l) Junction-leads on infinite heatsink 


a a 
es marecemm® 
With standard footprint dimensions. 
ELECTRICAL CHARACTERISTICS 


Clamping voltage. 
SRM Leakage current @ VRM. 


Voltage temperature coefficient. 


Forward Voltage drop 
VE <3.5V @ If =25A. 
IRM@VRM | VBR @ aT C 
ga max min nom max max typ 
notes | note4 


Uni Bi yA 10-4/°C | (pF) 
directional directional 


D | SM4T6V8C 


SM4T10CA 
SM4T12C 
SM4T12CA 


SM4T15CA 
SM4T18C 
SM4T18CA 
SM4T22C 
SM4T22CA 
SM4T24C 
SM4T24CA 
SM4T27C 
SM4T27CA 
SM4T30C 
SM4T30C4 
SM4T33C 
SM4T33CA 


—b ok ok ok 
eh aes eel ath” ee, eR eek ek) a ed uk eu ee ee ek ks 
ome eae) 


Aaa rinqnnraaaqaninanaan»ain nn 


AYs, BiBoltnenoes 


max min nom max max max 
10/1000us 8/20us 
areca + | awtona | + | “* | Y | Y| YY [ma] Y | A | 8 | A [ve 
directional directional 


SM4T68 = |SN |SM4T68C 


SM4T68A |SP |SM4T68CA 
SM4T100 SM4T100C 
SM4T100A SM4T100CA 
SM4T150 SM4T150C 
SM4T150A SM4T150CA 
SM4T200 SM4T200C 
SM4T200A SM4T200CA 
SM4T220 SM4T220C 
SM4T220A SM4T220CA 


annaaaaaina di 
ak i a ke 


All parameters tested at 25 °C, except where indicated. 


* = Marking 


% \pp 


10 ps 


Peak Power 


100 (on printed circuit). 


PULSE WAVEFORM 10/1000 ys 


BO picpsestes= 


Average Power 
(on infinite rower |\ 


CPN 


1000 ps 0% 
20 40 60 80 100 120 140 160 180 200 
Note 1: For surges greater than the maximum values, fies 1: Power dissipation derating versus 
the diode will present a short-circuit Anode - Cathode. ambient temperature 
Note 2: Pulse test. Tp < 50 ms. 


Note 3: AVer = aT « (Ta - 25) + Veriasec) 


Note 4: VR=OV, F =1 MHz. For bidirectional types, 
capacitance value is divided by 2. 
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Figure 2 : Peak pulse power versus exponential pulse duration. 
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Figure 3 : Clamping voltage versus peak pulse current. 
exponential waveform t = 20 us 


t= 1ms_ ------------- 
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100 


aint im a i 
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Note : The curves of the figure 3 are specified for a junction temperature of 25 °C before surge. 
The given results may be extrapolated for other junction temperatures by using the following formula : 
AV (BR) = &T (V(BR)) * [Ta -25] * V (BR). 

For intermediate voltages, extrapolate the given results. 
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Figure 4a : Capacitance versus reverse applied 
voltage for unidirectional types (typical values). 
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Figure 5 : Peak forward voltage drop versus 
peak forward current (typical values for 
unidirectional types). 
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Figure 4b : Capacitance versus reverse applied 
voltage for bidirectional types (typical values) 
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Figure 6 : Transient thermal impedance 
junction-ambient versus pulse duration. For a 
mounting on PC Board with standard footprint 
dimensions. 
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SM4Txx 


ORDER CODE 


SM 4 T 100 C A 


SURFACE sate! 


400 WATT. 


——+ TOLERANCE : 
A= +/- 5% 
= +/- 10% 


—_——-» BIDIRECTIONAL 


BREAKDOWN VOLTAGE 


MARKING : Logo, Date Code, Type Code, Cathode Band (for unidirectional types only). 


PACKAGE MECHANICAL DATA 
SOD 6 (Plastic). 


FOOTPRINT DIMENSIONS (Millimeter). 
SOD 6 Plastic. 


min max min max 
| Bp | ise | at | 0077 | 0.083 | 
| po | 539 | 559 | o22 | 0220 | 
Weight = 0.12 g. 


Packaging : standard packaging is in film. 
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THOM 
MICROELECTRONICS 


CTI SGS-THOMSON SM6T6V8,A/220,A 
Sf MICROELECTRONICS SM6T6V8C,CA/220C,CA 


TRANSIL 


FEATURES 


=» PEAK PULSE POWER= 600 W @ 1ms. 

» BREAKDOWN VOLTAGE RANGE : 
From 6V8 to 220 V. 

» UNI AND BIDIRECTIONAL TYPES. 


a LOW CLAMPING FACTOR. 
» FAST RESPONSE TIME: 
Tclamping : 1ps (0 V to VBR). 


a» JEDEC REGISTRED. 


SOD 6 
(Plastic) 


DESCRIPTION MECHANICAL CHARACTERISTICS 

Transil diodes provide high  overvoltage =» Body marked with : Logo, Date Code, Type 
protection by clamping’ action. — Their Code and Cathode Band (for unidirectional 
instantaneous reponse to transients makes them types only). 

particularly suited to protect voltage sensitive a Full compatibility with both gluing and paste 


devices such as MOS Technology and low 


soldering technologies. 
voltage supplied IC’s. 


» Excellent on board stability. 
Tinned copper leads. 
u High temperature resistant resin. 


ABSOLUTE RATINGS (limiting values) 


Peak pulse power dissipation Tamb = 25°C WwW 
See note 1 and derating curve Fig 1. 
Power dissipation on infinite heatsink Tlead = 50°C W 
See note 1 and derating curve Fig 1. 


5 
IFSM Non repetitive surge peak forward current Tamb = 25°C 100 A 
For unidirectional types. t=10 ms 
Tao Storage and junction temperature range -65to+175 am | 
150 


qj 
TL Maximum lead temperature for soldering 
during 10s. 
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SM6Txx 


THERMAL RESISTANCES 


Rind (j-l) Rind | Junction-leads on infinite heatsink = leads | Junction-leads on infinite heatsink = infinite heatsink 


Rth (j-a) | Junction to ambient. on printed circuit. 
With standard footprint dimensions. 


ELECTRICAL CHARACTERISTICS 


Leakage current @ VRM. 


Surge current. 


Forward Voltage drop 
Ve <3.5V @ lf = 50A. 


VeR @ 
min nom max 


SM6T6V8C 
each 
SM6T7V5C 


SM6T6V8 
SM6T6V8A 
SM6T7V5 
SM6T7V5A 
SM6T10 
SM6T10A 
SM6T12 
SM6T12A 
SM6T15 
SM6T15A 
SM6T18 
SM6T18A 


SM6T10CA 
SM6T12C 
SM6T12CA 
SM6T15C 
SM6T15CA 
SM6T18C 
SM6T18CA 
SM6T22C 
SM6T22CA 
SM6T24C 
SM6T24CA 
SM6T27C 
SM6T27CA 
SM6T30C 
SM6T30CA 
SM6T33C 
SM6T33CA 
SM6T36C 
SM6T36CA 
SM6T39C 
SM6T39 


Ana anannaa»anaa»aan»ananwiaan 
Ce a a ca ca Cn as Cs Caos Caen Caen © 
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TYPES IRM @ VRM 
max 


SM6T68 SM6T68C 
SM6T68A SM6T68CA 
SM6T100 SM6T100C 
SM6T100A SM6T100CA 
SM6T150 SM6T150C 
SM6T150A SM6T150CA 
SM6T200C 
SM6T200CA 
SM6T220C 
SME6T220CA 


& 


anw21na an a oo o1 


All parameters tested at 25 °C, except where indicated. 


* = Marking 


% Ipp 


10ps 


100 


PULSE WAVEFORM 10/1000 1s 
50 f--f------- 


0 t 
1000 pws 
Note 1: For surges greater than the maximum values, 
the diode will present a short-circuit Anode - Cathode. 
Note 2: Pulse test: Tp < 50 ms. 


Note 3: AVpr = aT - (Ta - 25) + Varc2sec). 


Note 4: VR=0V, F=1 MHz. For bidirectional types, 
capacitance value ts divided by 2. 
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VBR @ 


min nom max 


Uni nA 10°4/°C | (pF) 
directional ae 


VCL @ 
IPP 


IR 


to 000us 


a ee ee ee ee ee ee ee er 


Peak Power 
(on printed circuit). 


Average Power 
(on infinite heatsink). 


20 40 60 80 100 120 140 IN 180 200 


ears 1: Power dissipation derating versus 
ambient temperature 
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Figure 2 : Peak pulse power versus exponential pulse duration. 
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Figure 3 : Clamping voltage versus peak pulse current. 
exponential waveform t = 20 us 
t = 1ms_ ------------- 
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Note : The curves of the figure 3 are specified for a junction temperature of 25 °C before surge. 
The given results may be extrapolated for other junction temperatures by using the following formula : 
AV (BR) = aT (V(BR)) * [Ta -25] * V (BR). 

For intermediate voltages, extrapolate the given results. 
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Figure 4a : Capacitance versus reverse applied 
voltage for unidirectional types (typical values). 
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Figure 5 : Peak forward voltage drop versus 
peak forward current (typical values for 
unidirectional types). 
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Figure 4b : Capacitance versus reverse applied 
voltage for bidirectional types (typical values) 
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Figure 6 : Transient thermal impedance 
junction-ambient versus pulse duration. For a 


mounting on PC Board with standard footprint 
dimensions. 
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SM6Txx 


ORDER CODE 


SM 6 T 100 CA 


SURFACE sane —+» TOLERANCE : 
A= +/- 5% 
= +/- 10% 


—_— BIDIRECTIONAL 


600 WAT T«— 


BREAKDOWN VOLTAGE 


MARKING : Logo, Date Code, Type Code, Cathode Band (for unidirectional types only). 


PACKAGE MECHANICAL DATA 
SOD 6 (Plastic). 


Millimeters Inches 
min max min max 


_ B | 196 | 211 | 0077 | 0.083 _| 
| bp | 539 | 569 | o212 | 0.220 | 


Weight = 0.12 g. 


FOOTPRINT DIMENSIONS (Millimeter). 
SOD 6 Plastic. 


Packaging : standard packaging is in film. 
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SGS-THOMSON SM15T6V8,A/220,A 
YH, MICROELECTRONICS SM15T6V8C,CA/220C,CA 


TRANSIL 


FEATURES 


=» PEAK PULSE POWER= 1500 W @ 1ms. 

m BREAKDOWN VOLTAGE RANGE : 
From 6V8 to 220 V. 

a UNI AND BIDIRECTIONAL TYPES. 

a LOW CLAMPING FACTOR 


Tclamping : 1ps (0 V to VBR). << 


a» FAST RESPONSE TIME 


SOD 15 
(Plastic) 


DESCRIPTION MECHANICAL CHARACTERISTICS 


Transil diodes provide high  overvoltage 
protection by clamping action. _—‘ Their =» Body marked with : Logo, Date Code, Type 


instantaneous reponse to transients makes them Code, and Cathode Band (for unidirectional 
particularly suited to protect voltage sensitive types only), 

devices such as MOS Technology and low = Full compatibility with both gluing and paste 
voltage supplied IC’s. soldering technologies. 


a Excellent on board stability. 
Tinned copper leads. 
u High temperature resistant resin. 


ABSOLUTE RATINGS (limiting values) 


Peak pulse power dissipation Tamb = 25°C 1500 W 
See note 1 and derating curve Fig 1. 
Power dissipation on infinite heatsink Tlead = 50°C W 
See note 1 and derating curve Fig 1. 
lI-FSM Non repetitive surge peak forward current. Tamb = 25°C 250 A 
For unidirectional types. t=10 ms 
Tstg Storage and junction temperature range -65 to +175 °C 
Tj 150 °C 
Th Maximum lead temperature for soldering 260 °C 
during 10 s. 
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SM15Txx 


THERMAL RESISTANCES 


Rth (j-l) Junction-leads on infinite heatsink 


Rth (j-a) | Junction to ambient. on printed circuit. 75 “CW 
With standard footprint dimensions. 


ELECTRICAL CHARACTERISTICS 


V 


Clamping voltage. 


SM15T6V8 


SM15T7V5 


SM15T10 
SM15T10A 
SM15T12 
SM15T12A 
SM15T15 
SM15T15A 
SM15T18 
SM15T18A 
SM15T22 
SM15T22A 
SM15T24 
SM15T24A 
SM15T27 
SM15T27A 
SM15T30 
SM15T30A 
SM15T33 
SM15T33A 


SM15T6V8A 


SM15T7V5A 


Leakage current @ VRM. 


Forward Voltage drop 
VF < 3.5V @ If = 100 A. 


IRM @ VRM 
TYPES ee 


Uni Bi uA 10°4/°C | (pF) 
directional directional 


SM15T6V8C 


SM15T7V5C 


SM15T10C0 
SM15T10CA 
SM15T12C 
SM15T12CA 


SM15T22CA 
SM15T24C 
SM15T24CA 
SM15T27C 
SM15T27CA 
SM15T30C 
SM15T30CA 
SM15T33C 
SM15T33CA 
SM15T36C 
SM15T36CA 
SM15T39C 
SM15T39 


SM15T6V8CA 


SM15T7V5CA 


min nom max 


ee ee ee ee ee ee a a a a cee co ca Ca Ca 


Aanianiaaanaaininaaa aan am 


Ayy, Seonncroses 


VBR @ 
min nom max 


VCL @ Ipp 
max 


SM15Txx 
VCL @ |pp 
max 


TYPES IRM @ VRM aT Cc 
max typ 
1 7” 1000us note3 | note4 


Uni yA 10-4/°C | (pF) 
directional Pee 


SM15T68C 
SM15T68CA 
SM15T100C 
SM15T100CA 
SM15T150C 
SM15T150CA 
SMi15T200C 
SM15T200CA 
SM15T220C 
SM15T220CA 


IR 


SMi5T200A 
SM151T220 
SM15T220A 


Aaoaaniana»nj4#an nn 
a a ee ek ek 


All parameters tested at 25 °C, except where indicated. 


% |pp 


10 ys 


100 


Peak Power 
(on printed circuit). 


PULSE WAVEFORM 10/1000 ps 
ee oe ee e 60% 


Average Power 
(on infinite heatsink). 


0 t 20% 
1000 ps 
eae 
20 40 60 80 100 120 140 J 180 200 
Note 1: = - For surges greater than the maximum values, Fiaqure 1: Power dissipatio 
the diode will present a short-circuit Anode - Cathode. 9 ; = P ‘ grating eee 

Note 2:  - Pulse test. Tp < 50 ms. ambient temperature 
Note 3: - AVer = aT + (Ta - 25) « Veryasrc). 
Note 4: -VR=0OV, F =1 MHz. For bidirectional types, 


capacitance value is divided by 2. 


TYPES TYPES TYPES TYPES 
Unidirectional | Marking | Bidirectional | Marking | Unidirectional | Marking _ Bidirectional | Marking _ 


SM15T6V8 SM15T6V8C SM15T30 SM15T30C 
SM15T6V8A SM15T6V8CA SM15T30A SM15T30CA 
SM15T7V5 SM15T7V5C SM15T33 SM15T33C 
SM15T7V5A SM15T7V5CA SM15T33A 

SM15T10 


SM15T10A 
SM15T12 
SM15T12A 
SM15115 
SM15T15A 
SM15T18 
SM15T18A 
SM15T22 
SM15T22A 
SM15124 
SM15T24A 
SM15T27 
SM15T27A 


SM15T10C 
SM15T10CA 
SM15T12C 
SM15T12CA 
SM15T15C 


SM15T22CA 
SM15T24C 
SM15T24CA 
SM15T27C 
SM15T27CA 


SM15T36 
SM15T36A 
SM15T39 
SM15T39A 


SM15T200A 
SM15T220 
SM15T220A 


SM15T39C 
SM15T39CA 
SM15T68C 
SM15T68CA 
SM15T100C 
SM15T100CA 
SM15T150C 
SM15T150CA 
SM15T200C 
SM15T200CA 
SM15T220C 
SM15T220CA 
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Figure 2 : Peak pulse power versus exponential pulse duration. 
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Figure 3 : Clamping voltage versus peak pulse current. 
exponential waveform = 20 us 
= 1ms_ ------------- 
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Note : The curves of the figure 3 are specified for a junction temperature of 25 °C before surge. 
The given results may be extrapolated for other junction temperatures by using the following formula : 
AV (BR) = aT (V(BR)) * [Ta -25] * V (BR). 

For intermediate voltages, extrapolate the given results. 
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Figure 4a : Capacitance versus reverse applied 
voltage for unidirectional types (typical values). 
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Vriv 
x aa 


Figure 5 : Peak forward voltage drop versus 
peak forward current (typical values for 
unidirectional types). 
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Figure 4b : Capacitance versus reverse applied 
voliage for bidirectional types (typical values) 
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Figure 6 : Transient thermal impedance 
junction-ambient versus pulse duration. For a 
mounting on PC Board with standard footprint 
dimensions. 
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SM15Txx 


ORDER CODE 


SM 15 T 100 CA 


SURFACE aes —+» TOLERANCE : 
A= +/- 5% 
= +/- 10% 


+» BIDIRECTIONAL 


1500 WATT. 


BREAKDOWN VOLTAGE 


MARKING : Logo, Date Code, Type Code, Cathode Band (for unidirectional types only). 


PACKAGE MECHANICAL DATA 
SOD 15 (Plastic). 


Weight = 0.25 g. 


FOOTPRINT DIMENSIONS (Millimeter). 
SOD 15 Plastic. 


ia 
|\A & 


Packaging : standard packaging is in film. 
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ka, SGS-THOMSON 
7 icRoeLectRowcs STGP10N50A | 


ISOLATED GATE BIPOLAR TRANSISTOR (IGBT) 


PRELIMINARY DATA 


HIGH INPUT IMPEDANCE 

(VOLTAGE DRIVEN) 

VERY LOW ON-VOLTAGE DROP Vce\sar) 
HIGH RELIABILITY LEVEL 

HIGH CURRENT CAPABILITY 

OFF LOSSES INCLUDE TAIL CURRENT 


APPLICATIONS: 

a» AUTOMOTIVE IGNITION 
a LIGHT DIMMER 

a 9.M.P.S. SOFT START 


INTERNAL SCHEMATIC DIAGRAM 


ABSOLUTE MAXIMUM RATINGS 


+ 20 


(e) Pulse width limited by safe operating area 
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STGP10N50A 


THERMAL DATA 


Rthj-case | Thermal Resistance Junction-Case 


Rth)-amb | Thermal Resistance Junction-Ambient 
Rthe-h |Thermal Resistance Case-Heartsink 


ELECTRICAL CHARACTERISTICS (Tj = 25 °C unless otherwise specified) 
OFF 


Vipryces |Collector-Emitter Ic = 250 nA Voe=0 500 V 
Breakdown Voltage 
Ices Collector Cut-off Vce = Max Rating 250 LA 
Current (Vce = 0) Vce = Max Rating x 0.8 Tj = 125°C 1 mA 
Ices Gate-Emitter Leakage |VceE=+20V VceE=0 100 nA 
Current (Vce = 0) 
ON (*) 


Symbol Test Conditions ; 


Vce(sat) |Collector-Emitter VeE=15V Ic=10A 1.85 V 
Saturation Voltage VeeE=15V Ic=10A T,= 100°C 1.75 2.2 V 
DYNAMIC 


Symbol Test Conditions 


Forward VcE=20V Ic=10A 
Transconductance 


Input Capacitance VceE=25V f=1MHz Voee=0 


Output Capacitance 
Reverse Transfer 
Capacitance 


| Qg [Gate Charge Vce=400V Vee = 15 V 


SWITCHING ON 
ta(on) Turn-on Time lc =10A Vcc = 400 V 35 50 
tr Rise Time VeeE=15V Ree= 1000 100 150 
dic/dt |Turn-on Current Slope |Ilc=10A Vcec=400V VceE=15V 220 A/ms 
Ree = 100Q Tj= 100°C 
Turn-on Switching Ic=10A Vcc=400V Vcae=15V 185 pd 
Losses Ree = 100Q Tj= 100°C 
Vce(350ms)| Collector-Emitter Ilo =10A Voc =400V Vee=15V 7 V 
Dynamic Voltage Ree = 100 Q Tj = 100 °C 
Vce(610ms) | Collector-Emitter Ic=10A Veoc=400V Vee=15V 4 V 
Dynamic Voltage Ree = 1009 T, = 100°C 
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STGP10N50A 


ELECTRICAL CHARACTERISTICS (continued) 
SWITCHING OFF 


te Cross-Over Time Vec=400V Ic=10A 1500 ns 
trvort) |Off Voltage Rise Time |Ree=100Q Vee=15V 170 ns 


tt Fall Time 1000 ns 
Eort (**) |Turn-off Switching Loss 2.2 3.25 mJ 
te Cross-Over Time Vec=400V Ic=10A 
trvott) |Off Voltage Rise Time |Ree=100Q Vcge=15V 
tt Fall Time Tj = 100 °C 


Eott (**) 


(*) Pulsed: Pulse duration = 300 us, duty cycle 1.5% 
(**) Losses include olso the tail (Jedec Standardization) 


Turn-off Switching Loss 


Derating Curves Output Characteristics 
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Static Collector-Emitter On Voltage Gate Charge vs Gate-Emitter Voltage 
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Turn Off Voltage Slope vs Gate-Emitter Off Loses vs dv/dt 
Resistance 
dv/dt GC25160 E off 
(V/ns) (mJ) | Vee =400V 
2.0 V. =15V 
Voc area 
0 ms 
LCE) ae a 
a4 : 
ee a 
| Nue2zsc | | TT | tf 


~~ REE 
Eile devia sereneer ale 2 


0 200 400 600 800 1000 R,(9) 


Off Loses vs Junction Temperature and 

Supply Voltage 
E off G6C25180 
(mJ) Vv 
Ryo =47 0 


Tj;=T00°C 
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{], SGS-THOMSON — STK12NO5L 
IF wICROELECTROMICS STK12NO6L 


N - CHANNEL ENHANCEMENT MODE 
LOW THRESHOLD POWER MOS TRANSISTOR 


| TYPE | _Voss_| Roston | to 
STK12NO6L 60 V 0.15 Q 12A 
AVALANCHE RUGGEDNESS TECHNOLOGY 
100% AVALANCHE TESTED 

REPETITIVE AVALANCHE DATA AT 100°C 
LOW GATE CHARGE 

HIGH CURRENT CAPABILITY 

LOGIC LEVEL COMPATIBLE INPUT 


APPLICATION ORIENTED CHARAC- 
TERIZATION SOT-82 


SOT-194 


APPLICATIONS (option) 
HIGH CURRENT, HIGH SPEED SWITCHING 
SOLENOID AND RELAY DRIVERS 
REGULATORS 

DG-DC & DC-AC CONVERTERS INTERNAL SCHEMATIC DIAGRAM 
MOTOR CONTROL, AUDIO AMPLIFIERS 
AUTOMOTIVE ENVIRONMENT (INJECTION, 
ABS, AIR-BAG, LAMPDRIVERS, Etc.) 


D (2) 


ABSOLUTE MAXIMUM RATINGS 


STK12N05L STK12NO6L 


Storage Temperature -65 to 150 


Max. Operating Junction Temperature 150 
(e) Pulse width limited by safe operating area 
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STK12NO05L/STK12NO6L 


THERMAL DATA 


Thermal Resistance Junction-case Max 
Thermal Resistance Junction-ambient Max 
Thermal Resistance Case-sink Typ 
Maximum Lead Temperature For Soldering Purpose 


Rthy-case 
Rthj-amb 
Rthe-sink 
Ty 


ELECTRICAL CHARACTERISTICS (Tease = 25 °C unless otherwise specified) 
OFF 


ViBr)pss_ |Drain-source IDb=250 yA Ves =0 
Breakdown Voltage for STK12NO05L V 
for STK12NO6L V 
loss Zero Gate Voltage Vps = Max Rating 250 LA 
Drain Current (Vas = 0) |Vps = Max Rating x 0.8 Te = 125°C 1000 yA 
lass Gate-body Leakage Ves=+t15V + 100 nA 
Current (Vps = 0) 


Vas(th) |Gate Threshold Voltage|Vps = Vas_ Ip = 250 pA 1 


Rpsion) |Static Drain-source On |Ves=5V Ip=6A 
Resistance Ves=5V Inb=6A Te = 100°C 


Forward Vos > ID(on) X Rps(on)max Ip =6A 
Transconductance 


Input Capacitance Vops=25V f=1MHz Ves=0 
Output Capacitance 
Reverse Transfer 

_|Capacitance 


Turn-on Time Vpop=25V Ip=6A 

Rise Time Res=50Q Ves=5V 
(see test circuit, figure 3) 
Vpp = 40 V IDD=12A 
Res=5092 Veas=5V 
(see test circuit, figure 5) 
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ELECTRICAL CHARACTERISTICS (continued) 


SWITCHING OFF 


tt Fall Time 
to Cross-over Time 


SOURCE DRAIN DIODE 


am Source-drain Current 
Ispu(e Source-drain Current 
(pulsed) 
posta Forward On Voltage Iso=12A Ves=0 | 


ter Reverse Recovery 


Qr Reverse Recovery 
Charge 
Reverse Recovery 


Current 


(*) Pulsed: Pulse duration = 300 us, duty cycle 1.5% 
(e) Pulse width limited by safe operating area 


Safe Operating Areas 


GC36501 
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trivort) |Off-voltage Rise Time |Vpp = 40 V 
Res = 5090 Ves=5V 


Ip=12A 


Iso=12A Ves=0 | Ves = 0 


Isp = 12A_ di/dt = 100 A/us 
Time Vpp = 15 V T, = 150 °C 


STK12NO05L/STK12NO6L 


Typ. | Max. | Unit | 


110 150 ns 
70 100 ns 
180 250 ns 
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STK12NO05L/STK12NO6L 


Derating Curve Output Characteristics 
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Fig. 1: Unclamped Inductive Load Test Circuits 
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Normalized Gate Threshold Voltage vs 
Temperature 
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Source-drain Diode Forward Characteristics 
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Fig. 2: Unclamped Inductive Waveforms 
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STK12NO05L/STK12NO6L 


Fig. 3: Switching Times Test Circuits For Fig. 4: Gate Charge Test Circuit 
Resistive Load 


1 ¢=CONST 


V, =20V=Vemax 
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Fig. 5: Test Circuit For Inductive Load Switching 
And Diode Reverse Recovery Time 
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MICROELECTRONICS STK22N05 
N - CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTOR 


[Wee | Voss [Rosen |e 


AVALANCHE RUGGEDNESS TECHNOLOGY 
100% AVALANCHE TESTED 

REPETITIVE AVALANCHE DATA AT 100°C 
LOW GATE CHARGE 

HIGH CURRENT CAPABILITY 

APPLICATION ORIENTED 
CHARACTERIZATION 


APPLICATIONS SOT-194 
HIGH CURRENT, HIGH SPEED SWITCHING (option) 
SOLENOID AND RELAY DRIVERS 
REGULATORS 

DC-DC & DC-AC CONVERTERS 

MOTOR CONTROL, AUDIO AMPLIFIERS 
AUTOMOTIVE ENVIRONMENT (INJECTION, 
ABS, AIR-BAG, LAMPDRIVERS, Etc.) INTERNAL SCHEMATIC DIAGRAM 


D (2) 


ABSOLUTE MAXIMUM RATINGS 


Parameter 


Vos Drain-source Voltage (Ves = 0) 


Drain- gate Voltage (Res = 20 kQ) 
Vas Gate-source Voltage 


Drain Current (continuous) at Tc = 25 °C 


(e) Pulse width limited by safe operating area 
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STK22N05 


THERMAL DATA 


Rthj-case {Thermal Resistance Junction-case 
Rthj-amb |Thermal Resistance Junction-ambient 


Rthy-amb |Thermal Resistance Case-sink 
T Maximum Lead Temperature For Soldering Purpose 


AVALANCHE CHARACTERISTICS 


Avalanche Current, Repetitive or Not-Repetitive 22 

(pulse width limited by Tj max, 6 < 1%) 
Single Pulse Avalanche Energy 
E 


mJ 


AS 
(starting Tj = 25 °C, Ip = lar, Vop = 25 V) 
AR Repetitive Avalanche Energy mJ 
(pulse width limited by Tj max, 6 < 1%) 
IAR Avalanche Current, Repetitive or Not-Repetitive A 
(Tc = 100 °C, pulse width limited by T, max, 8 < 1%) 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 


O 
Symbol Parameter Test Conditions 


FF 
Vipryoss |Drain-source IDb=250 nA Ves =0 
Breakdown Voltage 


Zero Gate Voltage Vps = Max Rating 
Drain Current (Ves = 0) |Vps = Max Rating x 0.8 Te = 125 °C 


Gate-body Leakage Ves=+20V 
Current (Vps = 0) 


Symbol Test Conditions 
Vas(th) |Gate Threshold Voltage|Vps = Ves Ip = 250 pA 


Rpsion) |Static Drain-source On |Vas=10V Ib=11A 
Resistance Ves=10V Ipb=11A Te= 100°C 
Ip(on) |On State Drain Current |Vps > Ip(on) X Ros(on)max 22 
Ves=10V 
DYNAMIC 


Symbol Test Conditions 


Ots (*) Forward Vos > ID(on) X Rps(on)max Ipb=11A 
Transconductance 


Ciss Input Capacitance Vos =25 V =1MHz Ves=0 1200 pF 
Coss Output Capacitance 600 pF 
Crss Reverse Transfer 200 pF 


Capacitance 


2/7 


AY Sicsontecvacnes 


686 


STK22N05 


ELECTRICAL CHARACTERISTICS (continued) 
SWITCHING ON 


taion) | Turn-on Time Vop=30V IpD=3A 
tr Rise Time Rg = 502 Ves=10V 
(see test circuit, figure 3) 
(di/dt)on |Turn-on Current Slope |Vpp =40V Ip=22A 230 A/us 
Re =502 Ves =10V 
(see test circuit, figure 5) 


| Qg ___| Total Gate Charge Vop=40V Ip=22A Ves=10V 
SWITCHING OFF 


trivort) |Off-voltage Rise Time |Vpp=40V Ip=22A 80 120 
tt Fall Time Rge=502 Ves=10V 80 120 
tc Cross-over Time (see test circuit, figure 5) 170 250 


SOURCE DRAIN DIODE 


Symbol Test Conditions Typ. 


Isp Source-drain Current 22 A 
Ispm(*) |Source-drain Current 88 A 
(pulsed) 

Forward On Voltage Isp = 22 A Ves=0 a ae 


Reverse Recovery Isp = 22 A di/dt = 100 A/us 
Time Vpp =30V ~~ T,= 150°C 
Reverse Recovery (see test circuit, figure 5) 
Charge 

Reverse Recovery 
Current 
(*) Pulsed: Pulse duration = 300 ps, duty cycle 1.5 % 
(e) Pulse width limited by safe operating area 


Safe Operating Area Thermal Impedance 
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STK22N05 


Derating Curve 
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Capacitance Variations 


Normalized On Resistance vs Temperature 
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Normalized Gate Threshold Voltage vs 
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Switching Safe Operating Area 
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Source-drain Diode Forward Characteristics 
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Fig. 2: Unclamped Inductive Waveforms 
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Fig. 3: Switching Times Test Circuits For Fig. 4: Gate Charge Test Circuit 
Resistive Load 
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Fig. 5: Test Circuit For Inductive Load Switching 
And Diode Recovery Times 
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CTI SGS-THOMSON STP19NO5L 
SF WIcROELECTROMICS STP19NO6L 


N - CHANNEL ENHANCEMENT MODE 
LOW THRESHOLD POWER MOS TRANSISTOR 


TENTATIVE DATA 


[Wee [ Vvoos | Rosey | 


AVALANCHE RUGGEDNESS TECHNOLOGY 
100% AVALANCHE TESTED 

REPETITIVE AVALANCHE DATA AT 100°C 
LOW GATE CHARGE 

HIGH CURRENT CAPABILITY 

LOGIC LEVEL COMPATIBLE INPUT 

175°C OPERATING TEMPERATURE 
APPLICATION ORIENTED 
CHARACTERIZATION 


APPLICATIONS 

HIGH CURRENT, HIGH SPEED SWITCHING 
SOLENOID AND RELAY DRIVERS 
REGULATORS INTERNAL SCHEMATIC DIAGRAM 
DC-DC & DC-AC CONVERTERS D (2) 

MOTOR CONTROL, AUDIO AMPLIFIERS 
AUTOMOTIVE ENVIRONMENT (INJECTION, 
ABS, AIR-BAG, LAMPDRIVERS, Etc.) 


ABSOLUTE MAXIMUM RATINGS 


Parameter 
STP19NO05L STP19NO6L 


Gate-source Voltage 


Value 
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STP19NO05L/06L 


THERMAL DATA 


Rthj-case | Thermal Resistance Junction-case Max 
Rthj-amb |Thermal Resistance Junction-ambient Max 


Rthe-sink |Thermal Resistance Case-sink Typ 
Maximum Lead Temperature For Soldering Purpose 


AVALANCHE CHARACTERISTICS 


IAR Avalanche Current, Repetitive or Not-Repetitive 
(pulse width limited by T, max, 6 < 1%) 

Eas Single Pulse Avalanche Energy 
(starting T, = 25 °C, Ip = lar, Vop = 25 V) 


Ear Repetitive Avalanche Energy 
(pulse width limited by T, max, 6 < 1%) 


Avalanche Current, Repetitive or Not-Repetitive 
(Tc = 100 °C, pulse width limited by T, max, 6 < 1%) 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 
OFF 


Vipryoss |Drain-source In=250 pA Ves=0 
Breakdown Voltage for STP19NO5L 50 
for STP19NO6L 60 
loss Zero Gate Voltage Vos = Max Rating 
Drain Current (Ves = 0) |Vps = Max Rating x 0.8 T. = 125 °C 
lass Gate-body Leakage Ves=t15V 
Current (Vps = 0) 


| Max. | Unit | 

an 
V 
1000 | pA 


ON (*) 


Gate Threshold Voltage |Vps = Vas_ Ip = 250 pA 


Rpsion) |Static Drain-source On |Ves=5V Ip=9.5A 
Resistance Ves=5V Ip=9.5A Te = 100°C 
ID(on) + |On State Drain Current |Vps > Ip(on) X Rosyon)max 19 
Ves=5V 


DYNAMIC 


Gts (*) |Forward Vos > Ip(on) X Ros(onymax Ip =9.5A 
Transconductance 


Ciss Input Capacitance Vps=25V f=1MHz Ves=0 
Coss Output Capacitance 
Crss Reverse Transfer 

Capacitance 
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ELECTRICAL CHARACTERISTICS (continued) 
SWITCHING ON 


td(on) Turn-on Time Vopo=30V InD=3A 25 
tr Rise Time Re = 502 Ves=5V 80 
(see test circuit, figure 3) 
(di/dt)on |Turn-on Current Slope |Vpp =40V Ip=19A A/us 
Re = 50 Q Ves=5V 
(see test circuit, figure 5) 


SWITCHING OFF 


Symbol | Parometer [Test Gonions [ins yp. [xe [Unit 


trvort) |Off-voltage Rise Time |Vpp=40V In=19A 
tt Fall Time Res = 509 Ves=5V 
te Cross-over Time (see test circuit, figure 5) 


SOURCE DRAIN DIODE 


[Symbot [Parameter | Test Conditions | in. | Typ. | Max. | Unit | 
A 


Isp Source-drain Current 
Ispm(e) |Source-drain Current 
(pulsed) 


Forward On Voltage Isp = 19 A Voes=0 


19 
76 A 
eo 

Reverse Recovery Isp =19A_ di/dt = 100 A/us ns 
Time Vpp=25V T,=150°C 
Reverse Recovery (see test circuit, figure 5) uC 
Charge 
Reverse Recovery A 
Current 


(x) Pulsed. Pulse duration = 300 us, duty cycle 1.5 % 
() Pulse width limited by safe operating area 


1‘Ti SGS-THOMSON = 
7 McROELECTROMICS 695 


f SGS-THOMSON STP25N06 
7 icROELECTROMICS STP25NO6FI 


N - CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTOR 


[WWE | voos | Rowen [ 
STP25NO6FI 60 V 0.07 Q 16A 
AVALANCHE RUGGEDNESS TECHNOLOGY 
100% AVALANCHE TESTED 

REPETITIVE AVALANCHE DATA AT 100°C 
LOW GATE CHARGE 

HIGH CURRENT CAPABILITY 

175°C OPERATING TEMPERATURE FOR 
STANDARD PACKAGE 

a APPLICATION ORIENTED 
CHARACTERIZATION 


a ISOLATED PACKAGE UL RECOGNIZED, 
ISOLATION TO 2000V DC 


ISOWATT220 


APPLICATIONS 
HIGH CURRENT, HIGH SPEED SWITCHING INTERNAL SCHEMATIC DIAGRAM 
SOLENOID AND RELAY DRIVERS > (2) 
REGULATORS 

DC-DC & DC-AC CONVERTERS 

MOTOR CONTROL, AUDIO AMPLIFIERS 
AUTOMOTIVE ENVIRONMENT (INJECTION, 
ABS, AIR-BAG, LAMPDRIVERS, Etc.) 


ABSOLUTE MAXIMUM RATINGS 


STP25N06 STP25NO6FI 


Drain Current (continuous) at T. = 25 °C(#) 


— Drain Current (continuous) at Tc = 100 °C 


SN 
a ne ce ee ee OT 
Fa Besse Tnpesics ———|aea | 


(e) Ee width limited by safe operating area 
(#) Te = 50 °C for TO-220 
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THERMAL DATA 


Rthy-amb |Thermal Resistance Junction-ambient Max °C/W 
Rthe-sink | Thermal Resistance Case-sink Typ 
Ty Maximum Lead Temperature For Soldering Purpose 


AVALANCHE CHARACTERISTICS 
[Symbot [Sarat SSSSSCSCSCS*drSCTSCM Vl 


R Avalanche Current, Repetitive or Not-Repetitive 25 A 
(pulse width limited by T,; max, 6 < 1%) 


lA 
Eas Single Pulse Avalanche Energy 


Ear Repetitive Avalanche Energy 
(pulse width limited by Tj max, 5 < 1%) 
IAR Avalanche Current, Repetitive or Not-Repetitive 
(Tc = 100 °C, pulse width limited by T, max, 5 < 1%) 
ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 
OFF 


Symbol Parameter Test Conditions | Min. | Typ. | 


Viprypss_ |Drain-source Ipn=250 uA Ves=0 
Breakdown Voltage 


Zero Gate Voltage Vos = Max Rating 250 pA 

Drain Current (Vas = 0) |Vps = Max Rating x 0.8 T,. = 125°C 1000 nA 

lass Gate-body Leakage Ves=+20V + 100 nA 
Current (Vps = 0) 


ON (*) 


Rps(on) |Static Drain-source On |Vas=10V Ip =12.5A 0.07 Q 
Resistance Vas = 10V 0.14 Q 


IDDp=12.5A Te. = 100°C 


Ip(on) + |On State Drain Current |Vps > Ip(on) X Ros(on)max 25 
Ves=10V 


DYNAMIC 


dts (*) |Forward Vos > Ipion) X Ros(on)max Ip = 12.5 A 7 S 
Transconductance 
Ciss Input Capacitance Vops=25V f=1MHz Ves=0 1200 pF 
Coss Output Capacitance 600 pF 
Crss Reverse Transfer 200 pF 
Capacitance 
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ELECTRICAL CHARACTERISTICS (continued) 
SWITCHING ON 


Symbol Test Conditions 
ta(on) Turn-on Time Vop = 30 V ID=3A 30 45 
tr Rise Time Re = 50 Q Ves=10V 90 130 
(see test circuit, figure 3) 
(di/dt)on |Turn-on Current Slope |Vpp = 40 V Ipb=25A 230 A/us 
Re = 502 Ves=10V 
(see test circuit, figure 5) 


| Qg___|Total Gate Charge Vop=40V. Ib=25A Ves t0'V 


SWITCHING OFF 


Symbol Test Conditions 


trvott) |Off-voltage Rise Time |Vpp=40V Ip=25A 
tt Fall Time Re=50Q Ves=10V 
tc Cross-over Time (see test circuit, figure 5) 


SOURCE DRAIN DIODE 


Symbol Test Conditions 


Isp Source-drain Current 
Isom(¢) |Source-drain Current 
(pulsed) 
Forward On Voltage Isp =25 A Ves=O0 


Reverse Recovery Isp = 25A — di/dt = 100 A/us 
Time Voo=30V Tj =150 °C 
Reverse Recovery (see test circuit, figure 5) 
Charge 
Reverse Recovery 
Current 

(«) Pulsed: Pulse duration = 300 us, duty cycle 1.5% 

(e) Pulse width limited by safe operating area 


Safe Operating Areas For TO-220 Safe Operating Areas For ISOWATT220 
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Thermal Impedeance For TO-220 
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Static Drain-source On Resistance 
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Turn-on Current Slope 


di /dt 
(A/u s) 


Cross-over Time 
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Fig. 1: Unclamped Inductive Load Test Circuits 
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Fig. 3: Switching Times Test Circuits For 
Resistive Load 


$C05990 


Fig. 5: Test Circuit For Inductive Load Switching 
And Diode Reverse Recovery Time 


L=100uH 
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Fig. 2: Unclamped Inductive Waveforms 
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Fig. 4: Gate Charge Test Circuit 
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MICROELECTRONICS STP36NO6FI 
N - CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTOR 


[Wee [Voss | Rosen [eo 

STP36NO6FI 60 V 0.04.2 20 A 

AVALANCHE RUGGEDNESS TECHNOLOGY 

100% AVALANCHE TESTED 

REPETITIVE AVALANCHE DATA AT 100°C 

LOW GATE CHARGE 

HIGH CURRENT CAPABILITY 

175°C OPERATING TEMPERATURE FOR 

STANDARD PACKAGE 

a APPLICATION ORIENTED 
CHARACTERIZATION 


» ISOLATED PACKAGE UL RECOGNIZED, 
ISOLATION TO 2000V DC 


ISOWATT220 


APPLICATIONS 
HIGH CURRENT, HIGH SPEED SWITCHING INTERNAL SCHEMATIC DIAGRAM 
SOLENOID AND RELAY DRIVERS D (2) 
REGULATORS 

DC-DC & DC-AC CONVERTERS 

MOTOR CONTROL, AUDIO AMPLIFIERS 
AUTOMOTIVE ENVIRONMENT (INJECTION, 
ABS, AIR-BAG, LAMPDRIVERS, Etc.) 


ABSOLUTE MAXIMUM RATINGS 


STP36N06 STP36NO6FI 


Drain- gate Voltage (Res = 20 kQ) 


Storage Temperature -65 to 175 -65 to 150 


(e) Pulse width limited by safe operating area 
(#) Tc = 50 °C for TO-220 


May 1992 1/7 


705 


STP36N06/FI 


THERMAL DATA 


Thermal Resistance Junction-ambient 
Thermal Resistance Case-sink 
Maximum Lead Temperature For Soldering Purpose 


IAR Avalanche Current, Repetitive or Not-Repetitive 
(pulse width limited by T, max, 6 < 1%) 

Eas Single Pulse Avalanche Energy 
(starting T, = 25 °C, Ib = lar, Vop = 25 V) 


Ear Repetitive Avalanche Energy 
(pulse width limited by T; max, 6 < 1%) 


IAR Avalanche Current, Repetitive or Not-Repetitive 
(Tc = 100 °C, pulse width limited by T, max, 5 < 1%) 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 
OFF 


Symbol Parameter Test Conditions 
ViprRypss |Drain-source Ip= 250 uA Ves =0 
Breakdown Voltage 
lpss Zero Gate Voltage Vos = Max Rating 
Drain Current (Ves = 0) |Vps = Max Rating x 0.8 Tc = 125°C 


lass Gate-body Leakage Vas=+20V 
Current (Vps = 0) 


ON (*) 


DYNAMIC 


Gts (*) Forward Vos > Ipion) X Ros(on)max IDb=18A 12 
Transconductance 
800 pF 
250 pF 


Ciss Input Capacitance Vps=25V f=1MHz Ves=0 
Coss Output Capacitance 
Crss Reverse Transfer 


Capacitance 
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STP36N06/FI 


ELECTRICAL CHARACTERISTICS (continued) 
SWITCHING ON 


ta oe Turn-on Time Vpopn=30V ID=3A 45 
Rise Time ine = 50Q Ves =10V 75 
(see test circuit, figure 3) 
(di/dt)on |Turn-on Current Slope |Vpp =40 V Ip=30A 180 A/us 
ieaee Ves =10V 
(see test circuit, figure 5) 


SWITCHING OFF 


Symbol Test Conditions 


trvort) |Off-voltage Rise Time |Vpp=40V Ip=30A 


Fall Time Re =502 Ves=10V 
te Cross-over Time (see test circuit, figure 5) 


SOURCE DRAIN DIODE 


Poe eee ie 


an Source-drain Current 36 
Ispm(¢ Source-drain Current 144 
(pulsed) 
Vsp (*) |Forward On Voltage |Ilsn=36A Voes= oe oe eet ee 


Reverse Recovery Iso = 30A_ di/dt = 100 A/us 
Time Vpp=20V T,= 150°C 
Reverse Recovery (see test circuit, figure 5) 
Charge 

Reverse Recovery 
Current 


(«) Pulsed: Pulse duration = 300 pts, duty cycle 1.5% 
(e) Pulse width limited by safe operating area 


Safe Operating Areas For TO-220 Safe Operating Areas For ISOWATT220 
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Thermal Impedance For TO-220 
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Transconductance Static Drain-source On Resistance 
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Turn-on Current Slope Turn-off Drain-source Voltage Slope 
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Fig. 1: Unclamped Inductive Load Test Circuits Fig. 2: Unclamped Inductive Waveforms 
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Fig. 3: Switching Times Test Circuits For Fig. 4: Gate Charge Test Circuit 
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{ SGS-THOMSON STP40NO6L 
SF iicROELECTROMICS STP40NO6LFI 


N - CHANNEL ENHANCEMENT MODE 
LOW THRESHOLD POWER MOS TRANSISTOR 


ADVANCE DATA 


ree Voss | Rosen [to 
STP40NO6LF! 60 V 0.04 Q 22 A 
AVALANCHE RUGGEDNESS TECHNOLOGY 
100% AVALANCHE TESTED 

REPETITIVE AVALANCHE DATA AT 100°C 
LOW GATE CHARGE 

HIGH CURRENT CAPABILITY 

LOGIC LEVEL COMPATIBLE INPUT 

175°C OPERATING TEMPERATURE FOR 
STANDARD PACKAGE 

» APPLICATION ORIENTED 
CHARACTERIZATION 


» ISOLATED PACKAGE UL RECOGNIZED, 
ISOLATION TO 2000V DC 


ISOWATT220 


APPLICATIONS INTERNAL SCHEMATIC DIAGRAM 
HIGH CURRENT, HIGH SPEED SWITCHING 
SOLENOID AND RELAY DRIVERS 
REGULATORS 

DC-DC & DC-AC CONVERTERS 

MOTOR CONTROL, AUDIO AMPLIFIERS 
AUTOMOTIVE ENVIRONMENT (INJECTION, 
ABS, AIR-BAG, LAMPDRIVERS, Etc.) 


D (2) 


ABSOLUTE MAXIMUM RATINGS 


Parameter Value 
STP40NO6L STP40NO6LFI 


Vos [brain-source Voltage Vass) SOSC~C“*‘“‘*sSOS*‘“‘~C‘* SSS 
Voor [Drain- gate Voltage (Res = 20KG)—~=S~C*~dSC“‘t*~S~*™*SOSOCOCOC™C™#C*~*W 
z 


Storage Temperature -65 to 175 -65 to 150 


(e) Pulse width limited by safe operating area 
(#) T. = 50 °C for TO-220 


May 1992 1/3 
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STP40NO6L/FI 


THERMAL DATA 


Rth-amb | Thermal Resistance Junction-ambient Max 
Rthe-sink |Thermal Resistance Case-sink Typ 
T Maximum Lead Temperature For Soldering Purpose 


ELECTRICAL CHARACTERISTICS (Tease = 25 °C unless otherwise specified) 
OFF 


Visrypss_ |Drain-source Ipn=250 uA Ves=0 
Breakdown Voltage 
Ipss Zero Gate Voltage Vos = Max Rating 
Drain Current (Ves = 0) |Vps = Max Rating x 0.8 T. = 125°C 


lass Gate-body Leakage Ves=+15V 
Current (Vps = 0) 


ON (*) 
Gate Threshold Voltage|Vps = Vas_ Ip = 250 pA { 


—_ v 

Rpsion) |Static Drain-source On |Ves=5V Ip=20A 0.04 Q 

Resistance. Ves=5V Ip=20A Te = 100°C 0.08 Q 

Ip(on) += |On State Drain Current |Vps > Ip(on) X Roson)max 40 A 
Ves=5V 


DYNAMIC 


Gts (*) |Forward Vos > Ipion) X Ros(on)max ID =20A 15 mho 
Transconductance 


Ciss Input Capacitance Vos=25V f=1MHz Ves=0 © 2200 | pF 

Coss Output Capacitance pF 

Crss Reverse Transfer pF 
Capacitance 


SWITCHING ON 


ta(on) Turn-on Time Vpp = 25 V Ip =20A 30 
tr Rise Time Re = 502 Ves=5V 300 
(see test circuit, figure 3) 
(di/dt)on |Turn-on Current Slope |Vpp=40V Ip=40A ee 


Re = 50 Q Ves=5V 
| Qg ‘| Total Gate Charge Vop=40V Iln=40A Ves=5V Ff 30 |) on 


(see test circuit, figure 5) 
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ELECTRICAL CHARACTERISTICS (continued) 
SWITCHING OFF 


Symbol Test Conditions 


trvott) |Off-voltage Rise Time |Vpp=40V Ipn=40A 
tr Fall Time Re =50Q Ves=5V 
te Cross-over Time (see test circuit, figure 5) 


SOURCE DRAIN DIODE 


Symbol Test Conditions 


Isp Source-drain Current 
Ispm(e) 


Source-drain Current 
Forward On Voltage Isp =40 A Voes=0 
Reverse Recovery 


(pulsed) 

Reverse Recovery Isp = 40A_ di/dt = 100 A/ps 
IRAM 

Current 


Time Von =25V Tj = 150°C 
Reverse Recovery (see test circuit, figure 5) 
(*) Pulsed: Pulse duration = 300 ps, duty cycle 1.5 % 
(e) Pulse width limited by safe operating area 


Charge 
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MICROELECTRONICS STP50NO6FI 


N - CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTOR 


TYPE | Voss | Rostom | to 
STPSONOG6FI 60 V 0.028 Q 27 A 
AVALANCHE RUGGEDNESS TECHNOLOGY 
100% AVALANCHE TESTED 

REPETITIVE AVALANCHE DATA AT 100°C 
LOW GATE CHARGE 

HIGH CURRENT CAPABILITY 

175°C OPERATING TEMPERATURE FOR 
STANDARD PACKAGE 

z» APPLICATION ORIENTED 
CHARACTERIZATION 


as ISOLATED PACKAGE UL RECOGNIZED, 
ISOLATION TO 2000V DC 


ISOWATT220 


APPLICATIONS 
HIGH CURRENT, HIGH SPEED SWITCHING INTERNAL SCHEMATIC DIAGRAM 
SOLENOID AND RELAY DRIVERS 
REGULATORS 

DC-DC & DC-AC CONVERTERS 

MOTOR CONTROL, AUDIO AMPLIFIERS 
AUTOMOTIVE ENVIRONMENT (INJECTION, 
ABS, AIR-BAG, LAMPDRIVERS, Etc.) 


D (2) 


ABSOLUTE MAXIMUM RATINGS 


es Tr 

Vos [Drainsource VolageVes=0 Ss=~iSSC“‘(‘CSSC!!COOO#O#*~dtS~«SV*Cé 

Voer |Drain- gate Voltage (Res = 20 kQ) Po De 

lp | Drain Current (continuous) at T. = 25 °C(#) 

| Ip | Drain Current (continuous) at T. = 100 °C 
[[oerating Factor ——SSSCS*~<“~*~*~é~SC“~‘ S*S*C*‘i]SC‘iRR;SC*'i*WPG 

Max. Operating Junction Temperature 


(e) Pulse width limited by safe operating area 
(#) Tc = 50 °C for TO-220 
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THERMAL DATA 


Rih)-amb |Thermal Resistance Junction-ambient Max °C/W 
Rthe-sink {Thermal Resistance Case-sink Typ 
Maximum Lead Temperature For Soldering Purpose 


AVALANCHE CHARACTERISTICS 
(pulse width limited by T, max, 6 < 1%) 
Ear Repetitive Avalanche Energy 100 mJ 
(pulse width limited by Tj max, 5 < 1%) 


ee 
Avalanche Current, Repetitive or Not-Repetitive a en 
Single Pulse Avalanche Energy 

(starting T, = 25 °C, Ip = lar, Vop = 25 V) 

Avalanche Current, Repetitive or Not-Repetitive 

(Tc = 100 °C, pulse width limited by Tj max, 5 < 1%) 


lAR 


ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 
OFF 


Symbol Parameter Test Conditions 


Vipryoss |Drain-source lIp=250npA Ves=0 
Breakdown Voltage 


Ipss Zero Gate Voltage Vos = Max Rating 
Drain Current (Vas = 0) | Vos = Max Rating x 0.8 T,. = 125 
lass Gate-body Leakage Ves=+20V 
Current (Vps = 0) 
ON (*) 


Symbol Test Conditions 
Gate Threshold Voltage|Vps = Vas _ Ip = 250 pA 


2 
Rosion) {Static Drain-source On |Ves=10V Ip=25A 
Resistance Ves=10V Ip=25A T.= 100°C 
Ib(ony) + |On State Drain Current |Vps > lp(on) X Ros(on)max 50 A 
Ves=10V 


DYNAMIC 


Qts (*) Forward Vos > Ipd(on) X Ros(on)max ID=25A 17 
Transconductance 


Ciss Input Capacitance Vos=25V f=1MHz Ves=0 
Coss Output Capacitance 
Crss Reverse Transfer 

Capacitance 
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ELECTRICAL CHARACTERISTICS (continued) 
SWITCHING ON 


Symbol Test Conditions 
td(on) Turn-on Time Vpop=25V Ip=29A te 
tr Rise Time ite = 4.7Q Ves=10V 
(see test circuit, figure 3) 
(di/dt)on |Turn-on Current Slope |Vpp=40V Ip=50A A/us 
ee Ves=10V 
(see test circuit, figure 5) 


[a Total Gato Charge \Voo=40V lp=50A Vasstov| | 8 | es [no 


SWITCHING OFF 


Symbol Test Conditions 


trvotty) |Off-voltage Rise Time |Vpp=40V Ip=50A 
tt Fall Time Re = 502 Ves =10V 
te Cross-over Time (see test circuit, figure 5) 


SOURCE DRAIN DIODE 


Isp Source-drain Current 
Ispm(e) |Source-drain Current 
(pulsed) 


Vsp pee ) | Vso (*)_ [Forward On Voltage ers =50A Ves=0 


Reverse Recovery Isp = 50A_ di/dt = 100 A/us 
Time Vpop=30V T,=150 °C 
Reverse Recovery (see test circuit, figure 5) 
Charge 

Reverse Recovery 

Current 


(*) Pulsed: Pulse duration = 300 us, duty cycle 1.5% 
(e) Pulse width limited by safe operating area 


Safe Operating Areas For TO-220 Safe Operating Areas For ISOWATT220 
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Thermal Impedeance For TO-220 
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Normalized Gate Threshold Voltage vs 
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Static Drain-source On Resistance 
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Capacitance Variations 


Normalized On Resistance vs Temperature 
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Source-drain Diode Forward Characteristics Fig. 1: Unclamped Inductive Load Test Circuits 
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Fig. 3: Switching Times Test Circuits For 
Resistive Load 
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Fig. 4: Gate Charge Test Circuit Fig. 5: Test Circuit For Inductive Load Switching 
And Diode Reverse Recovery Time 
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CTI SGS-THOMSON STP55N06 
SF WIcROELECTROMICS STP55NO6FI 


N - CHANNEL ENHANCEMENT MODE 
POWER MOS TRANSISTOR 


| TYPE | Voss | Rosie | lo 
STP55NO6FI 60 V 0.023 Q 30A 
AVALANCHE RUGGEDNESS TECHNOLOGY 
100% AVALANCHE TESTED 

REPETITIVE AVALANCHE DATA AT 100°C 
LOW GATE CHARGE 

HIGH CURRENT CAPABILITY 

175°C OPERATING TEMPERATURE FOR 
STANDARD PACKAGE 

a VERY LOW Rosco) 

» APPLICATION ORIENTED 
CHARACTERIZATION 


» ISOLATED PACKAGE UL RECOGNIZED, 
ISOLATION TO 2000V DC 


TO-220 ISOWATT220 


APPLICATIONS INTERNAL SCHEMATIC DIAGRAM 
HIGH CURRENT, HIGH SPEED SWITCHING 


SOLENOID AND RELAY DRIVERS 
REGULATORS 

DC-DC & DC-AC CONVERTERS 

MOTOR CONTROL, AUDIO AMPLIFIERS 
AUTOMOTIVE ENVIRONMENT (INJECTION, 
ABS, AIR-BAG, LAMPDRIVERS, Etc.) 


D (2) 


ABSOLUTE MAXIMUM RATINGS 


Symbol Parameter Value 
|, a 
[tp [Oran Current (continsous) a Te=28°OmH [ss —-| 30 a 
| In| Drain Current (continuous) at Tc = 100 °C 
[Fier [Total Dissipaion at Te=25% Sts a 
[= [Berating Factor 


(e) Pulse width limited by safe operating area 
(#) Te = 50 °C for TO-220 
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STP55NO06/FI 


THERMAL DATA 


| Rihycase [Thermal Resistance Junction-case Max 1 


Thermal Resistance Junction-ambient Max 
Thermal Resistance Case-sink Typ 
Maximum Lead Temperature For Soldering Purpose 


Rthj-amb 
Rthe-sink 


AVALANCHE CHARACTERISTICS 


lAR Avalanche Current, Repetitive or Not-Repetitive 
(pulse width limited by T, max, 8 < 1%) 


Eas Single Pulse Avalanche Energy 520 
(starting T, = 25 °C, Ip = lar, Vop = 25 V) 
34 


Ear Repetitive Avalanche Energy 
(pulse width limited by T, max, 5 < 1%) 
lAR Avalanche Current, Repetitive or Not-Repetitive 
(Tc = 100 °C, pulse width limited by T, max, 8 < 1%) 
ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified) 
OFF 


Symbol Parameter Test Conditions | Min. : 
Viprypss_ |Drain-source Ipb=250nA Ves =0 
Breakdown Voltage 
Ipss Zero Gate Voltage Vos = Max Rating 250 LA 
Drain Current (Vas = 0) |Vps = Max Rating x 0.8 Te = 125°C 1000 uA 
lass Gate-body Leakage Vas=+20V ay 
Current (Vps = 0) 
ON (*) 


Symbol Test Conditions 
Gate Threshold Voltage |Vps = Ves_ Ip = 250 pA 


Rpsion) |Static Drain-source On |Ves=10V Ip=30A 
Resistance Ves=10V Ip=30A Te = 100°C 
ID(on) += |On State Drain Current |Vps > ID(on) X Roson)max 5 
Ves = 10 


DYNAMIC 


A 
mJ 
mJ 

A 


Ciss Input Capacitance Vos=25V f=1MHz Ves=0 3000 

Coss Output Capacitance 1200 

Crss Reverse Transfer 350 
Capacitance 
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ELECTRICAL CHARACTERISTICS (continued) 
SWITCHING ON 


Symbol Test Conditions 
ta(on) Turn-on Time Vop=40V Ip=55A 
tr Rise Time A = 500 Vas =10V 
(see test circuit, figure 3) 
(di/dt)on |Turn-on Current Slope |Vpp=40V Ip=55A 
2 = 500 Ves=10V 
(see test circuit, figure 5) 


| Qg [Total Gate Charge Vopo=25V Ip=30A Vaes=10V 


SWITCHING OFF 


Symbol Test Conditions 


trvort) |Off-voltage Rise Time |Vpp=40V Ip=55A 


tt Fall Time Re =50Q2 Ves=10V 
tc Cross-over Time (see test circuit, figure 5) 


SOURCE DRAIN DIODE 


Symbol Test Conditions 


Isp Source-drain Current 55 A 
Ispm(e) |Source-drain Current 220 A 
(pulsed) 
trr 


Reverse Recovery Isp = 55 A di/dt = 100 A/us 
Time Voo=25V T,=150°C 
Reverse Recovery (see test circuit, figure 5) 
Charge 

Reverse Recovery 
Current 


(«) Pulsed: Pulse duration = 300 pts, duty cycle 1.5% 
(e) Pulse width limited by safe operating area 


Safe Operating Areas For TO-220 Safe Operating Areas For ISOWATT220 
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Thermal Impedance For TO-220 
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Source-drain Diode Forward Characteristics Fig. 1: Unclamped Inductive Load Test Circuits 
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Fig. 3: Switching Times Test Circuits For 
Resistive Load 
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Fig. 4: Gate Charge Test Circuit Fig. 5: Test Circuit For Inductive Load Switching 
And Diode Reverse Recovery Time 
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APPLICATION NOTE 


LOW DROP VOLTAGE REGULATORS 
FOR AUTOMOTIVE ELECTRONICS 


By S. CISCATO 


Linear voltage regulators with an input-output voltage drop of less than 2V are used to ensure continuity of 
the stabilized output in applications where a battery supply is used. This note describes the characteristics 


and operation of these devices. 


Low drop linear voltage regulators are low voltage 
(5 to 12V) regulators which are able to provide ef- 
fective stabilization of the output voltage even when 
the difference between input voltage and output 
voltage is less than 2V. 

This situation can arise accidentally for a brief peri- 
od when the main supply source is overloaded. It 
may also result from a deliberate design decision 
aimed at reducing the power dissipated in the sup- 
ply - for example, when the device is used as a post 
regulator in portable instruments. 

Low drop regulators are used widely in automotive 
applications, a field where integrated circuits have 
to be particularly rugged. For this reason most low 
drop devices include protection functions not found 
in standard regulators. Before describing the SGS 
THOMSON family of low drop regulators we will 
therefore begin with a brief description of the auto- 
motive electrical environment. 


AUTOMOTIVE ENVIRONMENT 


In addition to the battery voltage drop during start- 
ing, the automotive field presents a number of other 
serious problems concerning the fegulator input 
voltage : positive and negative high energy / high 
voltage transients (load dump and field decay), posi- 
tive and negative low energy/very-high-voltage 
spikes (switching spikes), battery reversal and bat- 
tery voltage doubling. 

All of these hazards must be withstood by the regu- 
lator without damage over an ambient temperature 
range very close to military standards (- 40 to 
+ 125°C for underhood devices ;— 40 to + 85°C for 
other devices). Moreover, an output voltage preci- 
sion of t 4% to + 2% is required over the whole tem- 
perature range and in all conditions of input voltage 
and load current. 


BATTERY VOLTAGE DROP 


During motor starting the battery is overloaded by a 
peak current of up to 100A drawn by the starter 
motor. In this condition, which persists for 20-30ms, 
the battery voltage drops to about 6V in very cold 
weather (figure 1). 


AN254/1088 


Figure 1 : Cold Starting Supply Voltage Drop. 
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Using standard regulators with a dropout of 1.7 to 
2.1V the minimum 4.75V supply necessary for es- 
sential functions such as ignition, injection and elec- 
tronic engine control cannot be guaranteed. Another 
unfortunate consequence is the loss of RAM mem- 
ory contents in car radios and trip computers. 


A voltage regulator with a voltage drop of less than 
1.2V is therefore necessary. 
BATTERY VOLTAGE DOUBLING 


To aid cold weather starting with a partially flat bat- 
tery, sometimes two batteries are used in series, 
doubling the voltage. Regulators must therefore 
withstand input voltages of 24-26V without disturb- 
ing operation. 


BATTERY REVERSAL 


Voltage regulators must be protected internally 
against negative input voltages to guard against ac- 
cidental battery reversal. 


LOAD DUMP TRANSIENTS 


Load dump transients are high voltage, high energy 
positive transients. 
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APPLICATION NOTE 


The response time of the output voltage of an alter- 
nator to load variations is very long because of the 
long time constant of the excitation winding and 
mechanical inertia. 


When the load is reduced instantaneously (by turn- 
ing off lights, cooling fans and so on) the output volt- 
age of the alternator tends to present a positive 
peak, the amplitude of which depends on the speed 
of rotation and the excitation current. 


During normal operation this does not cause prob- 
lems because of the high capacity of the battery 
which, connected in parallel with the alternator out- 
put, is able to absorb the transient energy without a 
significant increase in voltage. 


However, motor manufactures impose the standard 
that electronic devices must be protected against 
load dump transients because it is possible for the 
connection between battery and alternator to break. 


The worst case voltage peak occurs when the bat- 
tery-alternator cable is disconnected with the bat- 
tery discharged and the motor running at its fastest 
rotation speed. In this case, the load variation is at 
a maximum and the voltage peak reaches a value 
comparable with the no-load output of the alterna- 
tor running at maximum speed with the maximum 
excitation current. 


Figure 2 shows a typical load dump waveform. 


Motor manufacturers require that voltage regulators 
are able to protect themselves and the load against 
peak voltages of 60 - 100V with an equivalent series 
resistance of 0.1 to 19 , depending on the type of 
alternator and external protection device used. 


Figure 2 : Load Drump Transient. 
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FIELD DECAY TRANSIENTS 


Field decay transients are high eneray, high voltage 
negative transients. 


If the ignition switch is turned off while current is flow- 
ing in inductive loads (electric motors, alternator field 
coil and so on) a negative voltage transient appears 


on the supply rail. The peak value in modulo of this 
transient is of the same order of magnitude as a load 
dump transient. In this case, too, the regulator must | 
protect itself and the load. 


SWITCHING SPIKES 


Windscreen wiper motors, lamp flashers and igni- 
tion sparks behave as high frequency noise gener- 
ators with an equivalent series resistance of 50 to 
500 Q. The energy associated with these transients 
is much lower than load dump or field decay tran- 
sients but the negative and positive peaks can reach 
200V. Figure 3 shows the voltage waveform which 
the regulators must withstand. 


Figure 3 : Switching Spikes. 
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REGULATOR DESIGN 
DROPOUT 


The dropout voltage of a linear voltage regulator can 
be defined for a given output current, lo, as the mini- 
mum difference between input and output voltage 
below which the output voltage is 100mV lower than 
the voltage measured at Io with the nominal input 
voltage. The current lo must be specified since the 
dropout voltage increases as the load current in- 
creases. 


To obtain a dropout voltage of 0.05 to 1V with an 
output current of 10 to 50mA, the regulator types 
L387A, L487, L47XX, L48XX, L4920, L4921, 
LM2930A and LM2931A are configured with a PNP 
series-pass transistor as shown in figure 4. The PNP 
transistor is connected in the common emitter con- 
figuration and can therefore operate in saturation, 
yielding the low dropout voltage desired. 


For higher dropout values an NPN series-pass ele- 
ment in emitter follower configuration may be used. 
This approach, shown in Figure 5, is used in the 
L2600 series regulators which have a maximum 
dropout voltage of 1.9V at 500mA. 
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Figure 4 : PNP Series Pass Transistor in Com- 
mon Emitter Configuration for very Low 
Drop Out Voltage Regulators. 


Figure 5 : NPN Series Pass Transistor in Emitter 
Follower Configuration. 
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CIRCUIT 


CURRENT CONSUMPTION/QUIESCENT CUR- 
RENT 


The circuit configurations shown in figures 4 and 5 
behave differently as far as concerns the current 
consumed by the device but not delivered to the 
load. In the case of figure 5, this current is that 
necessary for the functioning of the auxiliary circuitry 
of the regulator (voltage reference, op amp and so 
on). The base current of the output transistor flows 
into the load. 


In the Figure 4 circuit, in contrast, the base current 
of the output transistor does not flow through the 
load and, particularly in saturation, depends heavily 
on the load current. 


Normally lateral PNP transistors are chosen for ICs 
because they can withstand high positive and nega- 
tive overvoltages. When negative overvoltages at 
the input do not occur, or are eliminated by external 
protection devices, vertical PNP transistors can be 
used in place of lateral types. 


APPLICATION NOTE 


Since vertical PNP transistors have higher gain the 
current consumed in the regulator is significantly re- 
duced. Vertical PNP transistors will be used in fu- 
ture designs. 


VOLTAGE REFERENCE 


The wide operating range of input voltage (6 to 26V) 
and ambient temperature ( 40 to 125 °C) over which 
high output voltage precision is required means that 
a well stabilized voltage reference must:be used. 


All low drop regulators use bandgap type voltage 
references (see figure 6). In this structure the two 
transistors Q2 and Qi have an emitter area ratio of 
10 and carry equal collector currents imposed by the 
current mirror Q3, Q4, Qs. In these conditions the 
base-emitter voltages of Q; and Qe differ (at 25 °C) 
by : 


VBE = — In = 60 mV 

“aq  A(Qi) 
es aah = 10 (emitter area ratio) 
— =26mV 


K = Boltzmann's constant 
T = Temperature in Kelvin 
q = Charge on an electron 


Figure 6 : Bandgap Voltage Reference Circuit in 
Low Drop Voltage Regulators. 
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APPLICATION NOTE 


The rejection of Vref to variations in the supply volt- 
age is improved by supplying the reference circuit 
from a stabilized voltage. This is achieved in the 
L26XX, L48XX, L4920, L4921, LM2930A and 
LM2931A regulators by means of a preregulator. In 
the L487, analysing the Figure 6 circuit gives : 


Vref = VBE (Q1) +2 = A VBE (Qa, Q1) 


To maintain Vref constant as temperature varies it 


is necessary that one = 0 which implies choo- 
ala so that ale a + eye) =0 

Ri Rt Te5°)" dt 

where T(25 *) = 298 K 

d Vee (Qi) 


aT = negative temperature coefficient of 


the base-emitter voltage. 


In L387A and L47XxX regulators, in contrast, the sup- 
ply to the bandgap is switched from the input to the 
output as soon as the nominal output voltage is 
reached (figures 7, 8, 9). The variation in output 
voltage with temperature is shown in figure 10. 


Figure 7: Block Diagram of L2600 Series Regu- 
lators. 


BO es se &77 scs:tH 


Figure 8 : Block Diagram of L387A and L487 Se- 
ries Regulators. 
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Figure 9 : Block Diagram of LM2930A, LM2931A 
and L4800 Series Regulators. 
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Figure 10 : Outputs Voltage vs. Temperature. 
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PROTECTION AGAINST HIGH ENERGY 
TRANSIENTS 


To protect the LM2930A, LM2931A, L4920, L4921 
and L48XX regulators against high-voltage, high- 
energy positive transients the basic circuit shown in 
Figure 11 is used. Thé zeners in this circuit limit the 
supply voltage to the maximum operating value and 
turn off the output stage. The output transistor can 
thus withstand voltages up to the BVces , break- 
down voltage. 


In the other regulators (L487, L887A, L47XX and 
L26XX) the supply to the internal circuits is also 
turned off. 


The speed of intervention of these protection 
schemes is fast enough to ensure that the regulator 
can withstand high energy transients with a rising 
slope of 10V/us without problems, interrupting nor- 
mal operation only momentarily. 


Protection against negative transients is provided by 
the high series impedance of the possible current 
paths and the reverse BVsEo breakdown voltage of 
the lateral PNP transistors (BVcBo). 


The breakdown voltages BVces and BVcsBo depend 
on the technology therefore the transient capability 
is + 60V, + 80V or + 100V for the various types. 


Figure 11 : Overvoltage Protection Circuit. 
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PROTECTION AGAINST LOW ENERGY 
OVERVOLTAGES 


As shown in figure 3, the low energy overvoltages 
which the devices must resist have very brief rise 
time and can exceed the breakdown voltages. The 
protection schemes described above are therefore 
insufficient. However, since the energy associated 
with these transients is very low, the regulators can 
withstand them without problems. Nevertheless it is 
advisable to place a capacitor of around 100nF at 
the input. 


All of the low drop regulators except the L26XX 
types need a compensation capacitor at the output. 
This capacitor also provides extra filtering for low 
energy transients because it has a low impedance 
at high frequencies. 


Figure 12 : Thermal Protection Circuit. 
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THERMAL PROTECTION 


When the junction temperature exceeds the safe 
maximum for the device a thermal protection circuit 
(figure 12) holds the output transistor off until the 
overtemperature condition has passed. 


In the figure 12 circuit the resistors R1, R2 and R3 
are calculated so that the base voltage of Qj is 
600mV, thus preventing the conduction of Q; and 
Qo. 


As the junction temperature increases the minimum 
Vee for conduction of the two transistors fall until, at 
about 15 °C, 2 Vee = 600mV, the two transistors con- 
duct and Qz turns off the output transistor driver. 


CURRENT PROTECTION 


In the L487, L887A and L26XX regulators the out- 
put current is limited to its maximum value in the 
event of a short circuit. A special circuit acts on the 
base of the output transistor, preventing the output 
current from exceeding the limit set for the duration 
of the overload. 
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APPLICATION NOTE 


In the L4920, L4921, LM2930A, LM2931A and 
L48XX regulators a foldback circuit (figure 13) is 
used to limit the power dissipated in both the devices 
and the load in short circuit conditions. The current 
is limited to a low value (Isc) of about 200 mA as soon 
as it exceeds the maximum value. The output volt- 
age in this condition reaches a value corresponding 
to the current Isc flowing through the load. 


When the overload condition is removed the output 
voltage only returns to the nominal load value if the 
new static load line does not intersect the negative 
slope region of the curve in figure 13. If it does, the 
new operating point will be at the intersection. 


It is important to note that when power is applied, if 
the load line intersects the curve in the negative 
slope region, the regulator will operate with a lower- 
than-nominal voltage. This can happen with a 
passive load greater than the normal load (even if it 
is less than the maximum load Im) or with active 
loads such as a current sinker which draw more than 
Isc even at low voltages (figure 13, curve 3). 


Figure 13 :1) Acceptable Load Line for Turn-on 
2) Unacceptable Load Line for Turn- 
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0 200 = 400 600 
EXTERNAL COMPENSATION 


Since the purpose of a voltage regulator is to sup- 
ply a fixed output voltage in spite of supply and load 
variations, the open loop gain of the regulator must 
be very high at low frequencies. This may cause in- 
stability as a result of the various poles present in 
the loop. To avoid this instability dominant pole com- 
pensation is used to reduce phase shifts due to 
other poles at the unity gain frequency. The lower 
the frequency of these other poles, the greater must 
be the capacitor used to create the dominant pole 
for the same DC gain. 


Where the output transistor is a lateral PNP type 
there is a pole in the regulation loop at a frequency 


800 I,{mA) 


too low to be compensated by a capacitor which can 
be integrated. For the L487, L47XX, L48XX, L387A, 
LM2930A and LM2931A external compensation is 
therefore necessary so a very high value capacitor 
must be connected from the output to ground. 


The parassitic equivalent series resistance of the 
capacitor used adds a zero to the regulation loop. 
This zero may compromise the stability of the sys- 
tem since its effect tends to cancel the effect of the 
pole added. In regulators this ESR must be less than 
3Q and the minimum capacitor value is 47 F (100 uF 
for L4800 series). 


In the L2600, which uses an NPN power transistor, 
the stabilization capacitor is small enough to be in- 
tegrated so no output capacitor is needed. Indeed, 
if an output capacitor is used it may cause oscilla- 
tion unless it is greater than 100 uF, in which case it 
would itself be the dominant pole. If an electrolytic 
capacitor of more than 100 uF is used, a small ca- 
pacitor must not be added in parallel or with the ESR 
of the electrolytic it would from another pole, wor- 
sening the stability of the system. 


TURN-ON WITH CAPACITIVE LOADS 


A load which presents a significant capacity bet- 
ween the output and ground (including the external- 
compensation capacitor) will be seen by the regula- 
tor as a short circuit when power is applied. The 
regulator therefore delivers the short circuit current 
until the load capacitor has been charged to the 
nominal value. 


This factor is extremely important for the dimension- 
ing of the power source. Even a very small DC load 
can in such cases behave like a maximum load and 
the power drained from the supply is the sum of the 
short circuit current delivered to the load and the 
maximum current consumed in the regulator. 


Moreover, as explained above, in regulators with 
foldback protection the static load line must not 
cross the negative slope region of figure 13 or the 
output voltage will not reach the nominal value when 
power is applied. 


SPECIAL FUNCTIONS 


RESET 

The L387A and L487 include a power on/off reset 
function which inhibits the operation of circuits sup- 
plied by the regulator when the output voltage is too 
low (4.75V) to guarantee correct operation of logic 
(figure 14). To avoid malfunctions a delay is also in- 
troduced so that the enable signal is only issued 
some time after the safe output voltage has been 
reached. 
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Figure 14 : Reset Timing Waveforms. 
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The reset circuitry (figure 15) consists of : 

- acomparator connected between the voltage 
reference and a tap of the output divider, the 
voltage of which is higher than the feedback 
voltage ; 


~ anSCR to memorize any brief glitches in the 
output voltage that can cause some trouble 
with the logic. 


- a delay circuit with an external capacitor 
charged by an internal current source 


APPLICATION NOTE 


This function has been integrated into the voltage 
regulator to exploit the basic advantage of taking in- 
formation at the source. The use of double calibra- 
tions can thus be avoided. 

For the correct operation of the reset function, two 
basic relations must be satisfied in all cases 


Vres max < Vout min (1) 
Vres min > 4.75 V (2) 
where Vres max/Vres min are Maximum/minimum va- 
lue for the reset signal going high-low. 


(1) means that the RESET signal must be high when 
the device is regulating 


(2) means that the RESET signal must be low when 
the output voltage goes under 95 % of the nomi- 
nal (5V). Expressions (1) and (2) can be rewrit- 
ten as: 


(Vres max Vres min) + (Vnom Vout min) (3) 
< Vnom V 
This means that the sum of all the errors in the 
worst case must be less than 5 % (250mV). 
. absolute spread of the reference 
- error due to the load regulation (1 % max) 
. error due to the offset of the reset compara- 
tor and error amplifier (0.5 %) 
. errors due to the output divider (0.5 %) 
. hysteresis of the comparator to speed up the 
transitions (50mV that is 1 % referred to 5V 
output) 


Figure 15 : Schematic Block Diagram of a Voltage Regulator with Reset Function. 
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APPLICATION NOTE 


VARIABLE OUTPUT VOLTAGE 


The L4920 and L4921 are structurally identical to 
L48XX series regulators except that the voltage 
divider in the feedback loop is available externally 
(figure 16). The output voltage can therefore be var- 
ied from 1.25V (the reference voltage) to 20V. It 
should be noted, however, that the minimum input 
voltage is 5.1V for operation with output voltages 


below 4.5V (otherwise the internal circuits will not 
work). For output voltages above 4.5V the input volt- 
age must be at least equal to the output voltage plus 
the dropout voltage. The L4920 and L4921 are 
therefore low dropout regulators only for voltages 
above 4.5V. 


A value of 6 KQ is recommended for R2 to match 
the internal circuitry. 


Figure 16 : The L4920 and L4921 are Structurally Identical to L48XX Series Regulators Except that the Vol- 
tage Divider in the Feedback Loop is Available Externally. 
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APPLICATION NOTE 


THERMAL CHARACTERISTICS 


INTRODUCTION 

This Application Note provides a complete thermal 

characterization of the Multiwatt ® package (multi- 

lead double TO-220 - fig. 1). 

Characterization is performed according with recom- 

andations included in the G32-86 SEMI guideline, by 

means of a dedicated test pattern. It refers to : 

1. Junction to case thermal resistance Rthy-c) 

2. Junction to ambient thermal resistance Rithj-a) 

3. Junction to ambient thermal impedance for sin- 
gle pulses and repated pulses, with different 
pulse width and duty cycle ; 

4. Thermal resistance in DC and pulsed conditions, 
with a typical external heat sink. 


Most of the experimental work is related to the ther- 
mal impedance, as required by the increasing use 
of switching techniques. 


Figure 1 : Multiwatt Assembly. 


EXPERIMENTAL CONDITIONS 


The thermal! evaluation was performed by means of 
the test pattern P432, which is a 20K mils“ die with 
a dissipating element formed by two transistors 
working in parallel and one sensing diode. In order 
to characterize the worst case of a high power den- 
sity IC, the total size of the element is 2K mils with 


OF THE MULTIWATT PACKAGE 


By R. TIZIANI 


a power Capability of 2OW. Measurement method is 
described in Appendix A. 


Samples with the indicated characteristics were pre- 
pared : 


Package Multiwatt 15 leads 


Frame Material 
Slug Thickness 


Slug Thermal Conductivity 3.9W/cm°C 


Die Attach 


Soft (PbSn) 


Measurement of junction to case thermal resistance 
Rthy-c) is performed by holding the package against 
a water cooled heat sink, according with fig. 2. A 
thermocouple placed in contact with the slug 
measures the reference temperature of the case. 


For junction to ambient thermal resistance Rthy-a) the 
samples are suspended horizontally in a one cubic 
foot box, to prevent drafts. 


Both DC and pulsed conditions are used ; in the sec- 
ond case the contribution of package thermal capa- 
citance is effective and _ transient thermal 
resistances much lower than the steady stata 
Rthy-a) can be found, according to pulse length and 
duty cycle. 


The effect of the external heat sink is quantified, 
using as test vehicle the commercially available heat 
sink THM7023 especially developed by Thermalloy 
for the Multiwatt package, whose thermal resistance 
in still air is about 9°C/W. 


The measurement circuit shown in fig. A3 was used 
for all the thermal evaluations. 


JUNCTION TO CASE THERMAL RESIS- 
TANCE 


The dependance of Rinj-c) on the dissipated power 
is reported in fig. 3. 


It is well known that the main contribution to Rthy-c) 
of power packages in given by the silicon die. 
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Figure 2 : Measurement of Rith (-c). Figure 4 : Rthj-c) Thermal Resistance vs. Die Size 
and on Die dissipating Area. 
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THERMOCOUPLE JUNCTION TO AMBIENT THERMAL 


RESISTANCE 

In medium power applications (1.5-2W), the Multi- 
watt package can be used without external heat 
sink, thanks to the significant size (about 3.5cm*) of 


its integrated thermal mass. 

Its Rthy-a) has two contributions : the Rthj-c), mainly 

due to the silicon die (as shown in fig. 4) and the 

thermal resistance of the copper slug Rih slug. 

Figure 5 : Riny-a) of Multiwatt Package vs. dissipa- 
ted Power. 


Figure 3 : Rth ¢-c) of Multiwatt Package vs. Power 
Level. 


1 3 5 7 9 Ptot (W) 


FOR DEVICES OTHER THAN THE TEST PAT- 
TERN P432 THE CALIBRATION CURVE OF 
FIG. 41S NEEDED. SIZE = 20.000 sq. mils 


SIPATING AREA = 2000 sq mils 
It shows the relationship between Rthj-c) and the 
dissipating area existing on the silicon die (power 
diodes, power transistors, high current resistors), for 
different die sizes. 
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Fig. 5 gives the relationship between Rtny-a) and the 
power dissipation level for the P432 test pattern is 
still air, on PC board and on acommercial heat sink. 


INORDER TO HAVE AN ACCURATE VALUE FOR 
OTHER DEVICES, WITH DIFFERENT DIE SIZE 
AND DISSIPATING AREA, VALUES OF FIG. 5 
SHOULD BE CORRECTED THROUGH THE CALI- 
BRATION CURVE OF FIG. 4 CORRECTION 
TERM IS ALWAYS IN THE RANGE OF 0-2’°C/W ; 
THEREFORE, IT AFFECTS THE Rihy-a) OF NO 
MORE THAN 5% IN STILL AIR OR WITH THE 
PACKAGE MOUNTED ON PC BOARD. 


TRANSIENT THERMAL RESISTANCE IN 
PULSED CONDITION (without external 
heat sink) 


The effect of single pulses of different length and 
height for the Multiwatt package without any external 
heat sink is shown in fig. 6. 


This behaviour is discussed in Appendix B. Due to 
a significant thermal capacitance (C = 2J/°C) and 
correspondingly long risetime (t = 80s), single pul- 
ses up to 30W can be delivered to. the Multiwatt 
package for 1s with acceptable junction tempera- 
ture increase. 


IN ORDER TO HAVE ACCURATE Rin (to FOR 
OTHER DEVICES, WITH DIFFERENT DIE SIZE 
AND DISSIPATING AREA, VALUES OF FIG. 7 
MUST BE CORRECTED AS DESCRIBED IN 
EXAMPLE 2 OF THE LAST SECTION. 


Figure 6 : Transient Thermal Resistance for 
Single Pulse. 
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Repetition of pulses with defined Pg, period and duty 
cycle DC (ratio betwen pulse length and signal peri- 
od), gives rise to oscillations in junction temperature 
as described in Appendix B. 


The transient thermal resistance corresponding to 
the upper limit of the curve of fig. B4 (peak transient 
thermal resistance) is reported in fig. 7 and depends 
on pulse length and duty cycle. It can be noticed that 
DC becomes less effective for longer pulses. 


TRANSIENT THERMAL RESISTANCE IN 
PULSED CONDITION (with external heat 
sink) 


Characterization has been repeated with acommer- 
cial heat sink (Thermalloy THM7023) in order to 
have an example of the effect of an external ther- 
mal mass on the impedance of the thermal module. 


Relationship between transient Rtn and pulse length 
is reported in fig. 8. 


The effect of the increased thermal capacitance is 
evident in fig. 9, where thermal data of fig. 6 and 8 
are compared : it can be noticed that the curves are 
definitely different for pulses longer than 1s, corres- 
ponding about to the rise time of the slug. The ef- 
fect of the thermal mass is to keep low the heating 
rate of the silicon die thus allowing a better power 
management of long power pulses. This conclusion 
has general validity and can be applied to other heat 
sinks than the one considered in this note. 


Figure 7 : Peak Transient Rth vs. Pulse width and 
Duty Cycle. 
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Figure 8 : Transient Rih for single pulses, with 
Heatsink. 
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APPENDIX A 


The thermal resistance evaluation is performed with 
the especially designed test chip P432 which has 
two bipolar power transistor and one sensing diode 
(fig. A1). The active area is about 2000 mils* ona 
35000mils® chip. Its lay-out was optimized in order 
to have a uniform temperature area, once the two 
transistor are powered ; the sensing diode is placed 
at the center of this area. 


Figure A1 : Test Pattern P432 Lay-out. 
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Figure 9 : Comparison of Transient Rth for single 
pulses, with and without Heat Sink. 
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The relationship between the forward voltage V; of 
the diode at the constant current of 100A and the 
temperature is shownin fig. A2. The curve calibrates 
the junction temperature through the voltage drop 
of the diode. 


The measurement circuit is shown in fig. A3. A stor- 
age oscilloscope or a fast digital voltmeter can be 
used for recording the Vs value. 
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Figure A2 : Calibration Curse (sensing diode). 
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APPENDIX B - THERMAL MANAGEMENT 
IN PULSED CONDITION 


THERMAL RESISTANCE AND CAPACITANCE 


The electrical equivalent of heat dissipation, for a 
thermal module formed by the active device with its 
package and the external heat sink is shown in fig. 
B1. 


To each cell of the thermal chain are associated a 
value of thermal resistance Rth (°C/W) and a value 
of thermal capacitance Cth (J/°C). The former in- 
forms about temperature increase due to the ele- 
ment represented by the cell ; as, in the example 
under consideration, heat transfer is mainly based 
on conduction for the silicon, the copper integrated 
heat sink and to metallic body of the external heat 
sink Rth can be calculated from the relationship : 


ey 
= a ae 
ty Kxs 
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S —-10623/4 


where K is the thermal conductivity of the material, 
the length of the conductive path and S its section. 


Thermal capacitance Cth is the capability of heat ac- 
cumulation ; it depends on the specific heat of the 
material and on the volume effectively interested by 
heat exchange (this means that the parts which are 
not heated during heat dissipation DO NOT contrib- 
ute to thermal capacitance). Thermal capacitance is 
given by : 
Ch=dxcrxV 


where d is the density of the material, ct its specific 
heat and V the volume interested to heat accumu- 
lation. 


The last element of the network, assumed as pure- 
ly resistive, is due to convection and radiation from 
the external heat sink towards the ambient. 
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Figure B1 : Electrical Equivalent of Multiwatt Package Mounted on the External Heatsink. 


SLUG 
~ 0.5 °C/W 


SILICON 
Rth 2°C/W 


Cth? 10°72 97°Ccw 


T=~2ms 


Each cell has its own risetime t , given by the pro- 
duct of the thermal resistance and capacitance : 
t= Rth X Cth 


The value of the time constant determines whether 
a cell approaches equilibrium rapidly of slowly : if 
Rin or Cth increases, equilibrium is reached at a 
slower rate. The following relationship is valid for 
each cell : 
AT = Rin x Pa [1 -e%"] (1) 

Typical values of Rth, Cth and t for Multiwatt appli- 
cation are shown in fig. B1. 


When power is switched on, temperature increase 
is ruled by subsequent charging of thermal capacit- 
ances while the value reached in the steady state 
depends on thermal resistances only. Qualitative 
behaviour of the network of fig. B1 is shown in 
fig. B2. 
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Figure B2 : Qualitative T, increase (network of fig. 


B1) for repeated Power Pulse. 
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SINGLE POWER PULSE 


When the pulse length has an assigned value, ef- 
fective T, can be significantly lower than the steady 
state T, (fig. B3.). 


Figure B3 : Effect of a Single Power Pulse. 


For any pulse length to, a transient thermal resis- 
tance Rih (to) is defined, from the ratio between the 
junction temperature at the end of the pulse and the 
dissipated power. Obviously, for shorted pulses, Rtn 
(to) is lower and a higher power can be dissipated, 
without exceeding the maximum junction tempera- 
ture T)-max allowed to the IC from reliability conside- 
rations. Fig. 7 and 9 of this Application Note give 
experimental values of Rin (to) for the two cases of 
the Multiwatt package without and with external heat 
sink. 


REPEATED PULSES 


When pulses of the same height Pg are repeated 
with a defined duty cycle DC and pulse length is 
short in comparison with the total risetime of the sys- 
tem (many tens of seconds) the train of pulses is 
seen by the system as a continuous source, at a 
mean power level of 

Pdavg = Pg x DC 


The average temperature increase is : 
ATavg = Rth X Pdavg = Rth x Pa x DC 


On the other hand, the silicon die (t s = 1— 3ms) is 
able to follow frequencies of some KHz and junction 
temperature oscillates about the average as quali- 
tatively shown in fig. B4. 


The thermal resistance corresponding to the peak 
of the oscillation at equilibrium (peak thermal resis- 


APPLICATION NOTE 


tance Rthpeak) is now given by fig. 5, and can be ob- 
tained if pulse length and duty cycle are known ; 
Pumax is derived from the same figure. 


Figure B4 : Junction Temperature increase for 
repeated Pulses. 


APPLICATION EXAMPLES 


EXAMPLE 1 - MAXIMUM Pa FOR SINGLE 
PULSE OF ASSIGNED LENGTH 


PROBLEM : define the maximum Pg for a single 
pulse with a length of 20ms in the case of Multiwatt 
package used without heat sink. Ambient tempera- 
ture is 50°C ; maximum temperature is 130°C. Die 
size is 20K mils’, with dissipating area of 2K mils* 
(as in P4382 test pattern). 


SOLUTION : allowed temperature increase AT is 
80°C. Having a Rihy-a) of 39°C/W, Multiwatt package 
can dissipate about 2W in steady state. From fig. 7 
the transient thermal resistance corresponding to 
one single pulse of 20ms is Rth (20ms)pa32 = 
2.2°C/W. A peak of 80/2.2 = 36.3W can be applied 
to the circuit. 


EXAMPLE 2 - CORRECTION FOR DIE SIZE 
AND DISSIPATING AREA 


PROBLEM : correct the results obtained in 
example 1, for assigned die size and dissipating 
area. Practical case : IC having a die size of 35K 
mils* with a dissipating area of 20k mils”. 


SOLUTION : from fig. 5, thermal resistances of 
P432 and of the IC under consideration are Rith p432 
= 2.3°C/W and Riny-cyic = 1.2 C/W. 
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As the length of the pulse is 10-15 times longer than 
the rise time of the silicon, the die (first cell of fig. B1) 
can be assumed to have reached its equilibrium 
condition. 


Rth (20ms) found in previous example has to be cor- 
rected in order to take into account the new value of 
Rthg-c) : 
Rth (2O0ms)ic = Rth (20ms)pq43z2 - 
- Rth(j-c)p432 + Rth(j-c)ic = 
=2.2-2.3 + 1.2°C/W = 1.1°C/W 


A single pulse of 80/1.1 = 72W can be delivered to 
such device. 


When the pulse has the same order of silicon rise 
time t P432 is about ims) another type of correc- 
tion is needed. In first approximation, t increase with 
dissipating area with the relationship : 


tic =V 20Kic/2Kp432 x 1P432 = 3.1MSs 


Expansion of the exponential term of relationship (1) 
limited to the first term term, is : 
Rth ic (to) = Rth p432 (to) /3.1 


forto= ims: 
Rth ic (1ms) = 1.05/3.1°C/W = 0.34°C/W 


A single pulse of 80/0.34 = 235W can be delivered 
to such device. 


EXAMPLE 3 — Rth WITH REPEATED PULSES 


PROBLENM : find the peak power wnich can be dissi- 
pated by Multiwatt package without heatsink, when 
power is continuously switched on 10ms and 
switched off 90ms. Ambient temperature is 50°C, 
maximum temperature is allowed to be 125°C. 


SOLUTION : a maximum AT = 75°C has to be con- 
sidered. Fig. 5 indicated that for a pulse width of 10ms 
and a duty cycle of 0.1, Rth peak is 6.7°C/W. Maximum 
Pg is 75/6.7 = 11.2W, with an average temperature 
increase ATpeak of 39 x0.1x 11.2 =43°C. 
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APPLICATION NOTE 


THERMAL CHARACTERISTICS OF THE 
PENTAWATT-HEPTAWATT PACKAGES 


INTRODUCTION 


This Application Note is aimed to give a complete 

thermal characterization of the Heptawatt and Pen- 

tawatt package (fig. 1, 2). 

Characterization is performed according with rec- 

omendations included in the G32-86 SEMI guideline, 

by means of a dedicated test pattern. It refers to : 

1. Junction to case thermal resistance Ring-c) 

2. Junction to ambient thermal resistance Rihy-a) 

3. Junction to ambient thermal impedance for 
single pulses and repeated pulses, with different 
pulse width and duty cycle ; 

4. thermal resistance in DC and pulsed conditions, 
with a typical external heat sink. 


Most of the experimental work Is related to the ther- 
mal impedance, as required by the increasing use 
of switching techniques. 


Figure 1 : Pentawatt. 


AN258/0189 


By R. TIZIANI 
EXPERIMENTAL CONDITIONS 


The thermal evaluation was performed by means of 
the test pattern P432, which is a 15k mils* die with 
a dissipating element formed by two transistors 
working in parallel and one sensing diode. In order 
to characterize the worst case of a high power den- 
sity IC, the total size of the element is 2k mils* with 
a power capability of 20W. Measurement method 

is described in Appendix A. 


Samples with the indicated characteristics were pre- 
pared : 


Slug Thickness 
Slug Thermal Conductivity]  3.9W/emeG 


Measurement of junction to case thermal resistance 
Rthy-c) is performed by holding the package against 
a water cooled heat sink, according with fig. 3. A 
thermocouple placed in contact with the slug 
measures the reference temperature of the case. 


Package 
Frame Material 


For junction to ambient thermal resistance Rtny-a) the 
samples are suspended horizontally in a one cubic 
foot box, to prevent drafts. 


Both DC and pulsed conditions are used ; in the sec- 
ond case the contribution of package thermal capa- 
citance is effective and transient thermal 
resistances much lower than the steady state 
Rthy-ay Can be found, according with pulse length and 
duty cycle. 


The effect of the external heat sink is quantified, 
using as test vehicle the commercially available heat 
sink THM7023 (Thermalloy) whose thermal resis- 
tance in still air is about 9°C/W. 


The measurement circuit shown in fig. AS was used 
for all of the thermal evaluations. 


JUNCTION TO CASE THERMAL RESIS- 
TANCE 


The dependance of Rthy-c) on the dissipated power 
is reported in fig. 4. The absolute value and the be- 
haviour with the dissipated power are the same for 
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both packages as the slug thickness and the die - 
attach are equal. 


Figure 3 : Measurement of Rih (-c). 
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Figure 4 : Rihy-c) of Pentawatt and Heptawatt 
Package vs. Power Level. 


9 Ptot (W) 


It is well known that the main contribution to Rthj-c) 
of power packages is given by the silicon die. 

FOR OTHER DEVICES THAN THE TEST PAT- 
TERN P432 THE CALIBRATION CURVE OF FIG. 
51S NEEDED. 


It shows the relationship between Rtny-c) and the 
dissipating area existing on the silicon die (power 
diodes, power transistors, high current resistors), for 
different die sizes. 


Figure 5 : Rthy-c) Thermal Resistance vs. Die 
Size and on Die dissipating Area. 
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JUNCTION TO AMBIENT THERMAL 
RESISTANCE 


In medium power application (1W), the Pentawatt 
and Heptawatt packages can be used without ex- 
ternal heat sink thanks to the significant size (about 
1.5cm*) of its integrated thermal mass. 


An effective cost solution for higher power applica- 
tion (1.5-2.0W) is using a copper area heat sink. 


An board with the external leads bent down as 
shown in fig. 7. 


Fig. 6 gives the relationship between Rihy-a) and the 
power dissipation level for the P432 test pattern in 
still air, on PC board, on integrated heat sink on 
board and on a commercial heat sink. 


INORDER TO HAVE AN ACCURATE VALUE FOR 
OTHER DEVICES, WITH DIFFERENT DIE SIZE 
AND DISSIPATING AREA, VALUES OF FIG. 6 
SHOULD BE CORRECTED THROUGH THE CALI- 
BRATION CURVE OF FIG. 5 CORRECTION 
TERM IS ALWAYS IN THE RANGE OF 0-2°C/W ; 
THEREFORE, IT AFFECTS THE Rthy-a) OF NO 
MORE THAN 5% IN STILL AIR OR WITH THE 
PACKAGE MOUNTED IN PC BOARD. 
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Figure 6 : Rth(-a) vs. dissipated Power 
(heptawatt). 
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Figure 7 : Pentawatt Soldered on Copper Heatsink on P.C Board. 


TRANSIENT THERMAL RESISTANCE IN 
PULSED CONDITION (without external 
heat sink) 


The effect of single pulses of different length and 
height without any external heat sink is shown in 
fig. 8. 


PC BOARD 


COPPER AREA 
ON BOARD 


This behaviour is discussed in Appendix B. Due to 
a Significant thermal capacitance (C = 1J/°C) anda 
correspondingly long risetime (t = 80s), single pul- 
ses up to 20W can be delivered for 1 s with accept- 
able junction temperature increase. 
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Figure 8 : Transient Thermal Resistance for 
single Pulses (heptawatt). 
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IN ORDER TO HAVE ACCURATE Rito) FOR 
OTHER DEVICES, WITH DIFFERENT DIE SIZE 
AND DISSIPATING AREA, VALUES OF FIG. 7 
MUST BE CORRECTED AS DESCRIBED IN 
EXAMPLE 2 OF THE LAST SECTION. 


Repetition of pulses with defined Pd, period and 
duty cycle DC (ratio between pulse length and sig- 
nal period), gives rise to oscillations in junction tem- 
perature as described in Appendix B. 


The transient thermal resistance corresponding to 
the upper limit of the curve of fig. B4 (peak transient 
thermal resistance) is reported in fig. 9 and depends 


Figure A1 : Test Pattern P432 Lay-out. 


on pulse length and duty cycle. It can be noticed that 
DC becomes less effective for longer pulses. 


Figure 9 : Peak Transient Rth vs Pulse width and 
Duty Cycle (heptawait). 
4w 
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APPENDIX A 


The thermal resistance evaluation is performed with 
the especially designed test chip P432 which has 
two bipolar power transistor and one sending diode 
(fig. Ai). The active area is about 2000 mils* on a 
15000 mils* chip. Its lay-out was optimized in order 
to have a uniform temperature area, once the two 
transistor are powered ; the sensing diode is placed 
at the center of this area. 
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The relationship between the forward voltage V;: of 
the diode at a constant current of 100uA and the 
temperature is shown infig. A2. The curve calibrates 
the junction temperature through the voltage drop 
of the diode. 


The measurement circuit is shown in fig. A3. A stor- 
age oscilloscope or a fast digital voltmeter can be 
used for recording the V; value. 


Figure A3 : Measurement Circuit. 
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APPENDIX B - THERMAL MANAGEMENT 
IN PULSED CONDITION 


THERMAL RESISTANCE AND CAPACITANCE 


The electrical equivalent of heat dissipation, for a 
thermal module formed by the active device with its 
package and the external heat sink is shown in fig. 
Bi. 


To each cell of the thermal chain are associated a 
value of thermal resistance Rtn (C/W) and a value 
of thermal capacitance Cin (J/°C). The former in- 
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Figure A2 : Calibration Curve (sensing diode). 
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forms about temperature increase due to the ele- 
ment represented by the cell ; as, in the example 
under consideration, heat transfer is mainly based 
on conduction for the silicon, the copper integrated 
heat sink and to metallic body of the external heat 
sink Rth can be calculated from the relationship : 


1 
R. = —_— 
ne” KxsS 


Where K is the thermal conductivity of the material, 
1 the length of the conductive path and S its section. 
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Figure B1 : Electrical Equivalent of Pentawatt and Heptawatt Package mounted on the External Heatsink. 


SLUG 
~ 0.5 °C/W 


SILICON 
Rth= 2°C/w 


Cth> 10°72 s/*Cw 


Te~2ms 


Thermal capacitance Cth is the capability of heat ac- 
cumulation ; it depends on the specific heat of the 
material and on the volume effectively interested by 
heat exchange (this means that the parts which are 
not heated during heat dissipation DO NOT contrib- 
ute to thermal capacitance). Thermal capacitance is 
given by : 
Ch=dxecrxV 

where d is the density of the material, c; its specific 
heat and V the volume interested to heat accumu- 
lation. 


The last element of the network, assumed as pure- 
ly resistive, is due to convection and radiation from 
the external heat sink towards the ambient. 


Each cell has its own risetime t, given by the pro- 
duct of thermal resistance and capacitance : 
t = Rth X Cth 


The value of the time constant determines whether 

a cell approaches equilibrium rapidly or slowly : if Rth 

or Cth increases, equilibrium is reached at a slower 

rate. The following relationship is valid for each cell : 
AT = Rth x Pa x [1 - e-t/t] (1) 


Typical values of Rth, Cth and t for Heptawatt and 
Pentawatt application are shown in fig. B1. 


HEATSINK AIR 
~ 1°CiW 


9°C/ W 


~ 100 J/°C 


~100 s 


When power is switched on, temperature in- 
crease is ruled by subsequent charging of ther- 
mal capacitance while the value reached in the 
steady state depends on thermal resistance 
only. Qualitative beahaviour of the network of fig. 
B1 is shown in fig. B2. 


Figure B2 : Qualittative Tj increase (network of 
fig. B1) for repeated power pulse 
(heptawatt). 
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SINGLE POWER PULSE 


When the pulse length has an assigned value, ef- 
fective Tj can be significantly lower than steady state 
Tj (fig. B3.). 


Figure B3 : Effect of a Single Power Pulse. 


For any pulse length to, a transient thermal resis- 
tance Rith (to) is defined, from the ratio between the 
junction temperature at the end of the pulse and the 
dissipated power. Obviously, for shorter pulses, Rtn 
(to) is lower and a higher power can be dissipated, 
without exceeding the maximum junction tempera- 
ture T; max allowed to the IC from reliability consider- 
ations. Fig. 7 and 9 of this Application Note give 
experimental values of Rth (to) for the two cases of 
the Heptawatt package without and with external 
heat sink. 


REPEATED PULSES 


When pulses of the same height Pd are repeated 
with a defined duty cycle DC and pulse length is 
short in comparison with the total risetime of the sys- 
tem (many tens of seconds) the train of pulses is 
seen by the system as a continuous source, at a 
mean power level of 

Pdavg = Pd x DC 


The average temperature increase is : 
ATavg = Rth X Pdavg = Rth x Pd x DC 


On the other hand, the silicon die (t s} = 1 + 2ms) 
is able to follow frequencies of some kHz and junc- 
tion temperature oscillates about the average, as 
qualitatively shown in fig. B4. 


The thermal resistance corresponding to the peak 
of the oscillation at equilibrium (peak thermal resis- 
tance Rith peak) iS now given by fig. 5, and can be ob- 


APPLICATION NOTE 


tained if pulse length and duty cycle are known ; 
Pdmax is derived from the same figure. 


Figure B4 : Junction Temperature increase for 
operated Pulses. 


APPLICATION EXAMPLES 


EXAMPLE 1 - MAXIMUM Pd FOR SINGLE 
PULSE OF ASSIGNED LENGTH 


PROBLEM : define the maximum Pd for a single 
pulse with a length of 20ms in the case of Heptawatt 
package used without heat sink. Ambient tempera- 
ture is 50°C ; maximum temperature is 130°C. Dig 
size is 15k mils®, with dissipating area of 2k mils@ 
(as in P4382 test pattern). 


SOLUTION : allowed temperature increase AT is 
80°C. Having a Rinij-a) of 60°C/W, Heptawatt pack- 
age can dissipate about 1.3W in steady state From 
fig. 8 the transient thermal resistance correspond- 
ing to one single pulse of 20ms in Rth (20ms)pa32 = 
2.2°C/W. A peak of 80/2.2 = 36.3W can be applied 
to the circuit. 


EXAMPLE 2 - CORRECTION FOR DIE SIZE 
AND DISSIPATING AREA 


PROBLEM : correct the results obtained in example 
1, for assigned die size and dissipating area. 
Pratical case : IC having a die size of 15k mils? with 
a dissipating area of 10k mils*. 

SOLUTION : from fig. 5, thermal resistance of P432 
and of the IC under consideration are Rth p432 = 
2.3°C/W and Riny-cyic = 1.5°C/W. 

As the length of the pulse is 10-15 times longer than 
the risetime of the silicon, the die (first cell of fig. B1) 
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can be assumed to have reached its equilibrium 
condition. 


Rth (20ms) found in previous example has to be cor- 
rected in order to take into account the new value of 
Rih(-c). 
Rth (20ms)ic = Rth (20ms)p432- 
— Rih(j-cyp432 + Rthy-cyic = 
= 2.2-2.3+1.5°C/W = 1.4°C/W 

A single pulse of 80/1.4 = 57W can be delivered to 
such a device. 


EXAMPLE 3 - CORRECTION FOR SINGLE 
PULSES OF 1—3ms 


PROBLEM : Correct the results of example 2, for 
pulse length of ims. 


SOLUTION : when the pulse has the same order of 
magnitude of silicon rise time (t pa32 is about 1ms) 
another type of correction is needed. In first approxi- 
mation it is considered that remains constant when 
the dissipating area gets higher and the Rth for the 
silicon die decreases as the reciprocal of the dissi- 
pating area. From relationship (1) : 


AT = Rth (1ms)pag2 x 2K/10K x Pd x [1- e-t/t] for to = 
Ims: 
Rthic (1ms) = 1.05/0.5°C/W = 0.21°C/W 


A single pulse of 80/0.21 = 380W can be delivered 
to such a device. 


EXAMPLE 4 - Rth REPEATED PULSES 


PROBLEM : find the peak power which can be dissi- 
pated by Heptawatt package without heatsink, when 
power is continuously switched on 10ms and 
switched off 90ms. Ambient temperature is 50°C. 
maximum temperature is allowed to be 125°C. 


SOLUTION : a maximum AT = 75°C has to be con- 
sidered. Fig. 9 indicated that for a pulse width of 
10ms and a duty cycle of 0.1, Rthpeak is 8.5°C/W. 
Maximum Pd is 75/8.5 = 8.8W, with an average tem- 
perature increase ATpeak of 60 x 0.1 x 8.8 = 68°C. 


REFERENCES 


"Improved thermal evaluation, by means of a simple 
integrated structure" T. Hopkins, C. Cognetti, R. Ti- 
ziani - SEMI THERM (USA, 1986). 
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HANDLING AND MOUNTING ICs 
IN PLASTIC POWER PACKAGES 


ky 


Integrated circuits mounted in plastic power packages can be damaged, or reliability compromised, by inap- 
propriate handling and mounting techniques. Avoiding these problems is simple if you follow the suggestions 


in this section. 


Advances in power package design have made it 
possible to replace metal packages with’more econ- 
omical plastic packages in many high power appli- 
cations. Most of SGS-THOMSON Microelectronics 
power driver circuits, for example, are mounted in 
the innovative MULTIWATT® package, developed 
originally for high power audio amplifiers. Though 
the intrinsic reliability of these packages is now ex- 
cellent the use of inappropriate techniques or un- 
suitable tools during mechanical handling can affect 
the long term reliability of the device, or even dam- 
age it. With a few simple precautions, careful de- 
signers and production engineers can eliminate 
these risks, saving both time and money. 


BENDING AND CUTTING LEADS 


The first danger area is bending and cutting the 
leads. In these processes it is important to avoid 


straining the package and particularly the area 
where the leads enter the encapsulating resin. If the 
package/lead interface is strained the resistance to 
humidity and thermal stress are compromised, af- 
fecting reliability. 


There are five basic rules to bear in mind : 


¢ Clamp the leads firmly between the package and 
the bend/cut point (figure 1). 


* Bend the leads at least 3mm from the package 
(figure 2a). 


¢ Never bend the leads more than 90° and never 
bend more than once (figure 2b). 


¢ Never bend the leads laterally (figure 2c). 


¢ Make sure that he bending/cutting tool does not 
damage the leads. 


Figure 1 : Clamp the Leads between the Package and Bend/cut Point. 
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Figure 2 : Bend the Leads at Least 3mm. from the Package, never Bend Leads more than 90° and never 


Attempt to Splay the Leads Out. 
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INSERTION 


When mounting the IC on a printed circuit board the 
golden rule is, again, to avoid stress. In particular : 


¢ Adhere to the specified pin spacing of the device ; 
don't try to bend the leads to fit non-standard hole 
spacing. 


¢ Leave a suitable space between the IC and the 
board. If necessary use a spacer. 


¢ Take care to avoid straining the device after sol- 
dering. If a heatsink is used and it is mounted on 
the PC board it should be attached to the IC be- 
fore soldering. 


SOLDERING 


The greater danger during soldering is overheating. 
lf an IC is exposed to high temperature for an ex- 
cessive period it may be damaged or reliability re- 
duced. 


Recommended soldering conditions are 260°C for 
ten seconds or 350°C for three seconds. Figure 3 
shows the excess junction temperature of a PEN- 
TAWATT package for both methods. 


It is also important to use suitable fluxes for the sol- 
dering baths to avoid deterioration of the leads or 
package resin. Residual flux between the leads or 
in contact with the resin must be removed to guar- 
antee long term reliability. The solvent used to 
remove excess flux should be chosen with care. In 
particular, trichloroethylene (CHCI : CCl) - base 
solvents should be avoided because the residue 
can corrode the encapsulant resin. 


Figure 3 : The Excess Junction Temperature of a 
PENTAWATT Package in the sugges- 
ted Soldering Conditions. 
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HEATSINK MOUNTING 

To exploit the full capability of a power device a suit- 
able heatsink must be used. The most important as- 
pect from the point of view of reliability is that the 
heatsink is dimensioned to keep the junction tem- 
perature as low as possible. From a mechanical 
point of view, however, the heatsink must be desi- 
gned so that it does not damage the IC. Care should 
also be taken in attaching the IC to the heatsink. 
The contact thermal resistance between the device 
and the heatsink can be improved by adding a thin 
layer of silicon grease with sufficient fluidity to en- 
sure uniform distribution. Figure 4 shows how the 
thermal resistance of aMULTIWATT package is im- 
proved by silicone grease. 

An excessively thick layer or an excessively viscous 
silicon grease may have the opposite effect and 
could cause deformation of the tab. 


Figure 4: The Thermal Resistance of a MULTI- 
WATT Package is improved by Silicon 
Grease. Here Thermal Resistance is 
plotted against Grease Thickness. 
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SGS-THOMSON plastic power packages - MULTI- 
WATT, PENTAWATT and VERSAWATT - are at- 
tached to the heatsink with a single screw. A spring 
clip may also be used as shown in figure 5. The screw 
should be properly tightened to ensure that the pack- 
age makes good contact with the heatsink. It should 
not be too tight or the tab may be deformed, breaking 
the die or separating the resin from the tab. 


The appropriate tightening torque can be found by 
plotting thermal resistance against torque as shown 
in figure 6. 

suggested tightening torques for 3MA screws are 
8Kg/cm for VERSAWATT, PENTAWATT and 
MULTIWATT packages. If different screws, or sping 
clips, are used the froce exerted by the tab must be 
equivalent to the force produced with these recom- 
mended torques. 


Even if the screw is not overtightened the tab can 
be deformed, with disastrous results. If the surface 
of the heatsink is not sufficiently flat. The planarity 
of the contact surface between device and heatsink 
must be better than 50um for PENTAWATT and 
VERSAWATT packages and less than 40um for 
MULTIWATT packages. 


Figure 5 : MULTIWATT, PENTAWATT and VER- 
SAWATT Packages are attached to 
the Heatsink with a Single Screw or a 
Spring Clip. 
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Figure 6 : Contact Thermal Resistance depends 
on Tightening Torque. 
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Figure 7 : The Heatsink Tab may be deformed it 
a Washer or a Wide-headed Screw is 
not used. 
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Similar problems may arise if the screwhead is too 
narrow compared to the hole in the heatsink (figure 7). 


The solution here is to use a washer to distribute the 
pressure over a wider area. An alternative is to use 
screws of the type shown in figure 8 which have a 
wide flat head. When self-tapping screws are used 
it is also important to provide an outlet for the ma- 
terial deformed as the thread is formed. Poor con- 
tact will result if this is not done. Another possible 
hazard arises when the hole in the heatsink is 
formed with a punch : a circular depression may be 
formed around the hole, leading to deformation of 
the tab. This may be cured by using a washer or by 
modifying the punch. 
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Figure 8 : The recommended Screw Type Looks Serious reliability problems can be encountered if 

Like this. the heatsink and printed circuit board are not rigid- 
ly connected. Either the heatsink must be rigidly at- 
tached to the printed circuit board or both must be 
securely attached to the chassis. If this is not done 
the stresses and strains induced by vibration will be 
applied to the device and in particular to the 
lead/resin interface. This problem is more likely to 
arise when large boards and large heatsinks are 
used or whenever the equipment is subjected to 
heavy vibrations. 
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DESIGNING WITH THERMAL IMPEDANCE 


BY T.HOPKINS, C.COGNETTI, R.TIZIANI 


REPRINT FROM "SEMITHERM PROCEDINGS" S.DIEGO (U.S.A.) 1988. 


ABSTRACT 


Power switching techniques used in many modern 
control systems are characterized by single or repe- 
titive power pulses, which can reach several hun- 
dred watts each. In these applications where the 
pulse width is often limited to a few milleseconds, 
cost effective thermal design considers the effect of 
thermal capacitance. When this thermal capacit- 
ance is large enought, it can limit the junction tem- 
perature to within the ratings of the device even in 
the presence of high dissipation peaks. This paper 
discusses thermal impedance and the main par- 
ameters influencing it. Empirical measurements of 
the thermal impedance of some standard plastic 
packages showing the effective thermal impedance 
under pulsed conditions are also presented. 


INTRODUCTION 


Power switching applications are becoming very 
common in many industrial, computer and automo- 
tive ICs. In these applications, such as switching 
power supplies and PWM inductive load drivers, 
power dissipation is limited to short times, with 


single or repeated pulses. The normal description . 


of the thermal performance of an IC _ package, 
Rth(j -a) (junction to ambient thermal resistance), is 
of little help in these pulsed applications and leads 
to a redundant and expensive thermal design. 


This paper will discuss the thermal impedance and 
the main factors influencing itin plastic semiconduc- 
tor packages. Experimental evaluations of the ther- 
mal performance of small signal, medium power, 
and high power packages wil be presented as case 
examples. The effects of the thermal capacitance of 
the packages when dealing with low duty cycle 
power dissipation will be presented and evaluated 
in each of the example cases. 


THERMAL IMPEDANCE MODEL FOR 


PLASTIC PACKAGES 


The complete thermal impedance of a device can 
be modeled by combining two elements, the ther- 
mal resistance and the thermal capacitance. 


AN261/0189 


The thermal resistance, Rth, quantifies the capa- 
bility of a given thermal path to transfer heat. The 
general definition of resistance of the thermal path, 
which includes the three different modes of heat 
dissipation (conduction, convection and radiation), 
is the ratio between the temperature increase above 
the reference and the heat flow, DP, andis given by 
the equation : 


AT AT 
Rih=—— =— 
AP AQ 

“At 


Where: AQ = heat 
At = time 


Thermal capacitance, Cth, is a measure of the ca- 

pability of accumulating heat, like a capacitor accu- 

mulates a charge. For a given structural element, 

Cth depends on the specific heat, c, volume V, and 

density d, according to the relationship : 
Cth=cdV 


The resulting temperature increase when the ele- 
ment has accumulated the heat Q, is given by the 
equation : 

AT = AQ/Cth 


The electrical analogy of the thermal behaviour or 
a given application consisting of an active device, 
package, printed circuit board, external heat sink 
and external ambient is a chain of RC cells, each 
having a characteristic time constant : 

t=RC 


To show how each cell contributes to the thermal 
impedance of the finished device consider the sim- 
plified example shown in figure 1. The example de- 
vice consists of a dissipating element (integrated 
circuit) soldered on a copper frame surrounded by 
a plastic compound with no external heat sink. Its 
equivalent electrical circuit is shown in figure 2. 


The first cell, shown in figure 2, represents the ther- 
mal characteristics of the silicon itself and is charac- 
terized by the small volume with a correspondingly 
low thermal capacitance, in the order of a few mJ/C. 
The thermal resistance between the junction and 
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the silicon/slug interface is of about 0.2 to 2 °C/W, 
depending on die size and on the size of the dissi- 
pating elements existing on the silicon. The time 
constant of this cell is typically in the order of a few 
milliseconds. 


The second cell represents the good conductive 
path from the silicon/frame interface to the frame pe- 
riphery. In power packages, where the die is often 
soldered directly to the external tab of the package, 
the thermal capacitance can be large. The time con- 
stant for this cell is in the order of seconds. 


From this point, heat is transferred by conduction to 
the molded block of the package, with a large ther- 
mal resistance and capacitance. The time constant 
of the third cell is in the order of hundreds of sec- 
onds. 


After the plastic has heated, convection and radia- 
tion to the ambient starts. Since a negligible capa- 
citance is associated with this phase, it is 
represented by a purely resistive element. 


Figure 1 : Simplified Package Outline. 


) 


TEMPERATURE RISE (ALU. 


When power is switched on, the junction tempera- 
ture increase is ruled by the heat accumulation in 
the cells, each following its own time constant ac- 
cording with the equation : 

AT = Rth Pa [1 — oe”) 

The steady state junction temperature, T,, is a func- 
tion of the Rthq a) of the system, but the tempera- 
ture increase is dominated by thermal impedance in 
the transient phase, as is the case in switching ap- 
plications. 


A simplified example of how the time constants of 
each cell contribute to the temperature rise is shown 
in figure 3 where the contribution of the cells of 
figure 2 is exaggerated for a better understanding. 


When working with actual packages, it is observed 
that the last two sections of the equivalent circuit are 
not as simple as in this model and possible changes 
will be discussed later. However, with switching 
times shorter than few seconds, the model is suffi- 
cient for most situations. 


Figure 2 : Equivalent Thermal Circuit of Simplified. 
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EXPERIMENTAL MEASUREMENTS 


When thermal measurements on plastic packages 
are performed, the first consideration is the lack of 
a standard method. At present, only draft specifica- 
tions exist, proposed last year and not yet standar- 
dized (1). 

The experimental method used internally for evalu- 
ations since 1984 has anticipated these preliminary 
recomendations to some extent, as it is based on 
test patterns having, as dissipating element, two 
power transistors and, aS measurement element, a 
sensing diode placed in the thermal plateau arising 
when the transistors are biased in parallel. 


Figure 4. 
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The method used has been presented elsewhere 
(2) for the pattern P432 (shown in figure 4), which 
uses two small (1000 sq mils) bipolar power tran- 
sistors and has a maximum DC power capability of 
40 W (limited by second breakdown of the dissipat- 
ing elements). 


A similar methodology was followed with the new 
H029 pattern, based on two D-Mos transistors (3) 
having a total size of 17.000 sq mils and a DC power 
capability of 300 W on an infinite heat sink at room 
temperature (limited by thermal resistance and by 
max operating temperature of the plastics). 


a) P432 Test Die 


b) P432 Measurement System 
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Using the thermal evaluation die, four sets of 
measurements were performed on an assortment 
of insertion and surface mount packages produced 
by SGS-Thomson Microelectronics. The complete 
characterization is available elsewhere (4). The four 
measurements taken were : 


Figure 5. 


1) Junction to Case Thermal Resistance (Power 
Packages) 


2) Junction to Ambient Thermal Resistance 

3) Transient Thermal Impedance (Single Pulse) 

4) Peak Transient Thermal Impedance (Repeated 
Pulses) 
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b) HO29 Measurement System 
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Figure 6 : Set-up for Rih 4 -c) Measurement. 
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PRESSURE CLIPPING 


CONNECTION 
THIN WIRES 


WATER-COOLED 
COPPER BLOCK 


The junction to case thermal resistance measure- 
ments were taken using the well known setup shown 
in figure 6 where the power device is clamped 
against a large mass of controlled temperature. 


The junction to ambient thermal resistance in still air, 
was measured with the package soldered on stan- 
dard test boards, described later, and suspensed in 
1 cubic foot box, to prevent air movement. 


The single pulse transient thermal impedance was 


THERMAL 
GREASE 


THERMOCOUPLE 


measured in still air by applying a single power pulse 
of duration to to the device. The exponential tem- 
perature rise in response to the power pulse is 
shown qualitetively in figure 7. In the presence of 
one single power pulse the temperature, ATmax, 
reached at time to, is lower than the steady state 
temperature calculated from the junction to ambient 
thermal resistance. The transient thermal imped- 
ance Ro, is obtained from the ratio ATmax/Pd. 


Figure 7 : Transient Thermal Response for a Single Pulse. 
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The peak transient thermal impedance for a series 
of repetitive pulses was measured by applying a 
string of power pulses to the device in free air. When 
power pulses of the same height, Pa, are repeated 
with a given duty cycle, DC, and the pulse length, 
tp, is shorter than the total time constant of the sys- 
tem, thetrain of pulses is seen as acontiuous source 
with mean power level given by the equation : 
Pdavg = Pa DC 


Figure 8 : Transient Thermal Response for 
Repetitive Pulses. 


On the other hand, the silicon die has a thermal time 
constant of 1 to 2 ms and the die temperature is able 
to follow frequencies of some kHz. The result is that 
T, oscillates about the average value : 

ATyjavg = Rth Pdavg 


The resulting die temperature excursions are shown 
qualitatively in figure 8. The peak thermal imped- 
ance, Rithp, corresponding to the peak temperature, 
DTmax, at the equilibrium can be defined : 
Rthp = ATmax/Pad =F (tp, DC) 

The value of Rihp is a function of pulse width and duty 
cycle. Knowledge of Rihp is very important to avoid a 
peak temperature higher than specified values 
(usually 150°C). 


EXPERIMENTAL RESULTS 

The experimental measurements taken on several 
of the packages tested are summarized in the fol- 
lowing sections. 


MULTIWATT PACKAGE 

The MULTIWATT (R) package, shown in figure 9a, is 
a multileaded power package in which the die is at- 
tached directly to the tab of package using asoft solder 


(Pb/Sn) die attach. The tab of the package is a 1.5 
mm thick copper alloy slug. The thermal model of the 
MULTIWATT, shown in figure 9b, is not much differ- 
ent from that shown in figure 2. The main difference 
being that when heat reaches the edge of the slug, 
two parallel paths are possible ; conduction towards 
the molding compound, and convection and radiation 
towards the ambient. After a given time, convection 
and radiation taked place from the plastic. 


Figure 9. 


a) MULTIWATT Assembly 


b) Equivalent Thermal Circuit 
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Using the two test die, the measured junction to 
case thermal resistance is : 


P432 Rthg c) = 2-C/W 


H029 Rthq c) = 0.4°C/W 


The measured time constant is approximately 1 ms 
for each of the two test patterns, but the two devices 
have a different steady state temperature rise. 
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The second cell shown in figure 9 is dominated by 
the large thermal mass of the slug. The thermal re- 
sistance of the slug, Rthsiug is about 1 °C/W and the 
thermal time constant of the slug is in the order of 1 
second. 


The third RC cell in the model has a long time con- 
stant due to the mass of the plastic molding and its 
low thermal conductivity. For this cell the steady 
state is reached after hundreds of seconds. 


For the MULTIWATT the DC thermal resistance of 
the package in free air, Rth; a, is 36 °C/W with the 
P432 die and 34.5°C/W with the H029 die. 


Figure 10 shows the single pulse transient thermal 
impedance for the MULTIWATT with both the P432 
and H029 test die. As can be seen on the graph, the 
package is capable of high dissipation for short peri- 
ods of time. For a die like the HO29 the power de- 
vice is capable of 700 to 800 W for pulse widths in 
the range of 1 to 10 ms. For times up to a few sec- 
onds the effective thermal resistance for a single 
pulse is still in the range of 1 to 3 °C/W. 


The peak transient thermal impedance for the 
MULTIWATT package containing the P432 die in 
free air is shown in figure 11. 


POWER DIP PACKAGE 


The power DIP package is a derivative of standard 
small signal DIP packages with a number of leads 
connected to the die pad for heat transfer to exter- 
nal heat sinks. With this technique low cost heat 
sinks can be integrated on the printed circuit board 
as shown in figure 12a. The thermal model of the 
power DIP, shown in figure 12b accounts for the ex- 
ternal heat sink on the circuit board by adding a sec- 
ond RC cell in parallel with the cell corresponding to 
the molding compound. 


In this model, the second cell has a shorter time con- 
stant than for the MULTIWATT package, due in 
large part to the smaller quantity of copper in the 
frame (the frame thickness is 0.4 mm compared to 
1.5 mm). Thus the capacitance is reduced and the 
resistance increased. 


The increased thermal impedance due to the frame 
can partially be compensated by a better thermal 
exchange to the ambient by adding copper to the 
heat sink on the board. The DC thermal resistance 
between the junction and ambient can be reduced 
to the same range as the MULTIWATT package in 
free air, as shown in figure 13. 


Figure 10: Transient Thermal Response MULTIWATT Package. 
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APPLICATION NOTE 


Figure 11 : Peak Thermal Resistance MULTIWATT Package. 
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APPLICATION NOTE 


Figure 13 : Rth (j — a) vs. PCB Heat Sink Size 12 + 3 + 3 Power Dip. 
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THERMAL RESISTANCE JUNCTION TO AMBIENT ¢ C/U ) 
35 


6.808 8.58 1.88 1.58 2.880 2.58 3.08 3.58 4.88 


As a comparison, figure 14 compares the thermal thermal resistance may be similar, the MULTIWATT 
performance of the power DIP and the MULTIWATT is superior in its performance for pulsed applica- 
package. It is clearly seen that even though the DC tions. 


Figure 14 : Transient Thermal Impedance for Single Pulses in Power DIP and MULTIWATT 
Packages. 
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APPLICATION NOTE 


STANDARD SIGNAL PACKAGES 


In standard, small signal, packages the easiest ther- 
mal path is from the die to the ambient through the 
molding compound. However, if a high conductivity 
frame, like a copper lead frame, is used another path 
exists in parallel. Figure 15 shows the equivalent 
thermal model of such a package. The effectiveness 


can be seen in the experimental results in DC con- 
ditions. 


Table 1 shows the thermal resistance of some 
standard signal packages in two different condi- 
tions ; with the device floating in still air connected 
to the measurement circuit by thin wires and the 
same device soldered on a test board. 


of a copper frame in transferring heat to the board 


Table 1 : Thermal Resistance of Signal Packages 


The transient thermal resistance for single pulses 
for the various packages are shown in figures 16 
through 20. 


The results of the tests, as shown in the preceding 
figures, show the true capabilities of the packages. 
For example, the DIP 20 with a Alloy 42 frame is a 
typical package used for signal processing applica- 
tions and can dissipate only 0.5 to 0.7 W in steady 
state conditions. However, the transient thermal im- 
pedance for short pulses is low (11 C/W for tp = 
100 ms) and almost 7 Watts can be dissipated for 
100 ms while keeping the junction temperature rise 
below 80°C. 


The packages using a 0.4 mm Copper frame have 
a low steady state thermal resistance, especially in 


Figure 15. 


a) DIP Package Mounted on PCB 
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S014 (0.25 mm Copper 
PLCC 44 0.25 mm Copper) 


66-83 48-72 


the case of the DIP 20. The thicker lead frame in- 
creases the thermal capacitance of the die flag, 
which greatly improves the transient thermal imped- 
ance. In the case of the DIP 20, which has the lar- 
gest die pad, the transient Rtn for 100 ms pulses is 
about 4.3°C/W. This allows the device to dissipate 
an 18 Watt power pulse while keeping the tempera- 
ture rise below 80°C. 


As with the previous examples the peak transient 
thermal impedance for repetitive pulses depends on 
the pulse length and duty cycle as shown in figure 
14. With the signal package, however, the effect of 
the duty cycle becomes much less effective for longer 
pulses, due primarily to the lower thermal capacit- 
ance and hence lower time constant of the frame. 


R th mold 


Rthsi R_ th frame 


C th mold 
R thlead R th board 


C ths: C th frame 
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b) Equivalent Thermal Circuit DIP 
Package on PCB 
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Figure 16 : Transient Thermal Impedance DIP 20 (alloy 42). 
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Figure 17: Transient Thermal Impedance 0.4 mm Copper Frame DIP Packages. 
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APPLICATION NOTE 


Figure 18 : Transient Thermal Impedance 0.25 mm Copper Frame DIP Packages. 
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Figure 19 : Transient Thermal Impedance 0.25 mm Frame PLCC Package. 


a, 
die pad = 260 
die bi & 


TIME OR PULSE WIDTH ( s ) 


TRANSIENT THERMAL RESISTANCE ( C/U ) 


a G7 SGS-THOMSON 
S/ | MICROELECTRONICS 


770 


APPLICATION NOTE 


Figure 20 : Transient Thermal Impedance 0.25 mm Copper Frame SO14 Package. 
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Figure 21 : Peak Thermal Impedance 0.25 mm Copper Frame 14 Lead DIP. 
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APPLICATION NOTE 


CONCLUSION 


This paper has discussed a test procedure for 
measuring and quantifying the thermal characteris- 
tics of semiconductor packages. Using these test 
methods the thermal impedance of standard inte- 
grated circuit packages under pulsed and DC con- 
ditions were evaluated. From this evaluation two 
important considerations arise : 


1) The true thermal impedance under repetitive 
pulsed conditions needs to be considered to main- 
tain the peak junction temperature within the rating 
for the device. A proper evaluation will result in junc- 
tion temperatures that do not exceed the specified 
limits under either steady state or pulsed conditions. 


2) The proper evaluation of the transient thermal 
characteristics of an application should take into ac- 
count the ability to dissipate high power pulses 


allowing better thermal! design and possibility reduc- 
ing or eliminating expensive external heat sinks 
when they are oversized or useless. 
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APPLICATION NOTE 


THERMAL MANAGEMENT IN SURFACE MOUNTING 


The evolutionary trends of integrated circuits and 
printed circuits boards are, in both cases, towards 
improved performance and reduced size. From 
these points of view, a factor of major importance 
has been mutual thermal interaction between ICs, 
even those with low dissipation. 


It follows then that thermal design of medium and 
high density applications has evolved to include fac- 
tors such as power effects, die size, package ther- 
mal resistance, integration level of active devices 
and substrate type. Added to this a trend towards 
greater use of switching techniques exists. 


Today, in order to design reliable application cir- 
cuits, it is necessary to have complete data on pack- 
age thermal response characteristics. In fact, it is a 
well known and long established fact that device life- 
time has an exponential relationship with junction 
temperature. 


PRELIMINARY CONSIDERATIONS 


Heat dissipation for DIPs with a low thermal conduc- 
tivity frame (e.g. Alloy42) is due to convection and 
irradiation from an emiting area corresponding to 
the silicon die and the package die pad. 


Since heat transmission through the lead frame is 
very poor, dissipation does not depend greatly on 
substrate type. In fact, samples soldered on printed 
circuit boards, or inserted in connectors have near- 
ly the same dissipation capability as samples sus- 
pended in air. The difference, in the range of just 
10%, is commonly ignored and specifications for in- 
sertion ICs only give one thermal resistance value, 
which is more than adequate for good thermal de- 
sign. 


The question then arises, is the approximation valid 
for SO and PLCC packages ? 


The answer is no ! Thermal characteristics for these 
devices are influenced by many factors. 


1) Device Related Factors 
* size of the dissipating element 
¢ dissipation level 
* pulse length and duty cycle 


AN262/0189 


2) Package Related Factors 
¢ thermal conductivity of the frame 
¢ frame design 
3) Substrate Related Factors 
¢ thermal conductivity of the substrate 
¢ layout 


Therefore a number of parameters can change the 
thermal characteristics. These cannot be described 
by a single thermal resistance, in fact a set of ex- 
perimental curves gives the best presentation. 


JUNCTION TO AMBIENT THERMAL 
RESISTANCE Rihj-a) 


Rthy-a) represents the thermal resistance of the sys- 
tem and comprises the silicon die, the package, and 
any thermal mass in contact with the package to 
dissipate heat to the ambient. 


At a given dissipation level Pa, the increase in junc- 
tion temperature AT, over ambient temperature Ta 
is given by : 

ATj = Rthg-a) X Pa 

Rthg-a) is made up of many elements both within the 
device and external to it. 

If the device is considered alone, Riny-a) is given by 
the dissipation path from the silicon die to the lead- 
frame, to the molding compound, to the ambient. 
Experimental values are very large in this con- 
dition, especially for small packages such as 
Small Outline types. 

However, this situation is not met in practice and ex- 
perimental data included in the present work indi- 
cates the worst case (floating samples). In most 
applications, Surface Mount Devices are soldered 
onto a substrate (commonly epoxy glass (FR4) and 
are in thermal contact with it through the soldered 
joints and the copper interconnections. In this case, 
the heat generated by the active circuit is transferred 
to the leadframe and then to the substrate. A new 
dissipation path thus exists in parallel with the pre- 
vious one whose efficiency depends on the thermal 
conductivity of the frame and on the length of the 
printed circuit's copper tracks. Figure A shows the 
experimental module. 
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Figure A : Device Soldered to the Best Board, for 
Junction to Ambient Thermal Resistan- 
ce Measurement. 


TEST DEVICE 


TEST BOARD 


PLASTIC PIN 
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JUNCTION TO CASE THERMAL RESIS- 
TANCE Rihy-c) 


Rihi-c) is the thermal resistance from the junction to 
a given area of the peackage’s external surface 
where a heatsink is applied. 

In signal packages, a suitable area is its upper sur- 
face. Measurements are made with the samples 
in good thermal contact with an infinite heatsink 


(fig. B). 


Figure B : Junction to Case Thermal Resistance 
Measurement. 
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When a heatsink of thermal resistance Rnsis attached 
to the package, the following relationship is valid : 


Rhs Xx R 
Rrs + R 


Where R takes into account all the other dissipation 
paths (i.e. junction/frame/substrate). R_ is the lowest 
with low thermal conductivity frames. 


Rthg-a) = Rthy-c) + 


In high power applications R " Rhs and Rthg-a) 
= Rthg-c) + Rhs 


JUNCTION TO PIN THERMAL RESISTAN- 
CE Rih(-p) 


In medium power packages Rihy-p) is the thermal re- 
sistance of the heat transfer leads, from the junction 
to the external heatsink. In most cases the external 
heatsink is integrated on the board. Figure C shows 
the experimental setup. 


Figure C : Junction to Pin Thermal Resistance 
Measurement. 
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TRANSIENT THERMAL RESISTANCE FOR 
SINGLE PULSES 


The electrical equivalent of heat dissipation for a 
module formed by an active device, its package, a 
PCB and the ambient, is a chain of RC cells, as 
shown in fig. D, each with a characteristic rise time 
(t) = RC. 


Figure D : Equivalent Thermal Circuit Simplified 
Package. 
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The thermal capacitance of each cell is a measure 
of its ability to accumulate heat and depends on the 
specific heat, volume and density of the constituent 
materials. 


When power is switched on, the junction tempera- 
ture after time it is governed by the heat impedance 
, Of the cells, each of which follows its own time con- 
stant - this is analogous to the exponential charge 
of RC cells in an electrical circuit. 


For a pulse lenght to, the effective T, can be signifi- 
cantly lower than the steady state T, (fig. E) and the 
transient thermal resistance Rthito) can be defined 
from the ratio between the junction temperature at 
the end of the pulse and the dissipated power. 


Figure E : Temperature Rise for Single Power 
Pulse. 


Obviously, this parameter is smaller for shorter pul- 
ses and higher power can be dissipated without ex- 
ceeding the maximum junction temperature defined 
from a reliability point of view. 

The knowledge of transient thermal data is an im- 
portant tool for cost effective thermal design of 
Switching applications. 


PEAK TRANSIENT THERMAL RESISTAN- 
CE FOR REPEATED PULSES 

When pulses of the same height Pd are repeated 
with a duty cycle, DC, and a pulse width to, which is 
shorter than the overall system time constant, the 
train of pulses is seen as a continuous source of 
mean power Pdavg, where : 

Pdavg = PdxDC 

However the silicon die has a time constant in the 
order of 1 to 2ms and is able to follow frequencies 
in the KHz range. Thus junction temperature oscil- 
lates about an average value given by : 

Tiavg = Rth x Pdavg 

as is graphically shown in fig. F. 


APPLICATION NOTE 


Figure F : Temperature Rise for Repeated Power 
Pulses. 


The thermal resistance corresponding to the peak 
of the steady state oscillations (peak thermal resis- 
tance indicates the maximum temperature reached 
by the junction and, depending on duty cycle and 
pulse width, may be much lower than the DC ther- 
mal resistance. 


EXPERIMENTAL METHOD 


Measurements were performed by means of the es- 
pecially developed thermal test pattern P432, which 
is designed according to the Semiconductor Equip- 
ment and Materials Institute (SEMI) G32 guideline. 
Test chip P432 is based on a dissipating element 
formed by two npn transistors, each with 10W power 
capability, and one sensing diode (fig. G). The diode 
is placed on the temperature plateau generated 
when the two transistors are biased in parallel, and 
gives the actual junction temperature T, of the dissi- 
pating element, through the calibration curve (fig. H) 
of its forward voltage Vf versus temperature at a 
constant current of 100uA. 


Figure G: Thermal Test Pattern P432. 


G&, SGS-THOMSON = 
Jf MICROELECTRONICS 


775 


APPLICATION NOTE 


Figure H : Calibration Curve of P432 Tempera- 
ture Sensing Diode. 
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Transistor size is intentionally limited to 1000sq. 
mils, in order to simulate high power density, char- 
acterizing a worst case. Die size, which is found to 
have little influence on thermal resistance when a 
copper frame is used, is slightly smaller than the die 
pad size and never exceeds 30k sq mils even in the 
largest packages such as high pin count PLCCs. 


The measurement setup is shown in fig. |. it is com- 


patible with DC and AC supplies and has an accu- 
racy of better than 5%. 


Figure | : Experimental Setup. 
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The advantages offered by the test pattern are : 

¢ high power capability 

* repeatable V+ and temperature coefficient 
(1.9mv/C) of the sensing element 

¢ high resolution in pulsed conditions (100pus) 


¢ better correlation from one package to another. 
Both Alloy 42 and copper frames were considered 
for narrow SO packages (150mils body). For wide 
SO (300mils body) and PLCC packages only cop- 
per frames were examined. Suitable test boards 
were developed (figs J, K and L). 
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Figure J : Test Board Lay-out for SO Packages 
(150 mils body width) 
Board size is : 23 x 42mm*. 
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Figure K : Test Board Lay-out for SO Packages 
(3000 mils body width) 
Board size is 38 x 48mm‘*. 
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Figure K : Test Board for PLCCs 
Board size is 58 x 58mm*. 
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MEDIUM POWER PACKAGES 


While surface mount signalJCs are readily available, 
almost all power ICs are still assembled in traditional 
insertion packages. 


Medium power SM packages (Pd < 2W) can read- 
ily be derived from existing small outline and chip 
carrier packages by modifying the leadframe - in 
much the same way that Powerdip packages were 
derived from standard Dips. 


This approach is particularly attractive because the 
external dimensions of the package are identical to 
existing low power packages, allowing the use of 
standard automatic assembly and test equipment. 
Frame modification is aimed at obtaining a low junc- 
tion to pin thermal resistance path for the transfer of 
heat to a suitable external heatsink. A number of 
leads are connected to the die pad for this purpose. 
Two possibilities are considered here : a medium 
power PLCC 44 with 11 heat transfer.leads (fig. M) 
and a medium power SO20 with 8 heat transfer 
leads (fig. N). 


A cost effective heat spreader can be obtained on 
the board by means of suitably dimensioned copper 
areas. The heat transfer leads are soldered to there 
areas (fig. M1, N1). 


Figure M : Lead Frame for Medium Power 
PLCC44. 
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Figure N : Lead Frame for Medium Power SO20. 


Figure M1 : Test Board for Medium Power 
PLOC44. 
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APPLICATION NOTE 


THERMAL DATA OF SIGNAL PACKAGES 


SUMMARY OF JUNCTION TO AMBIENT THERMAL RESISTANCE IN STEADY STATE POWER DISSI- 
PATION (SGS-THOMSON test board) 


Fo | Die Size (millinches) | Power PD [W]] Rinq-a) [°C/W] on Board 


SO8 Alloy 42 90 x 100 0.2 250-310 
Copper 94 x 125 0.2 130-180 
0.3 
0.5 


SO14 Alloy 42 98 x 100 200-240 
Copper 78 x 118 120-160 
98 x 125 105-145 


Copper 


PLCC-68 Cu 425 x 425 | ; 
PLCC-84 Cu 450 x 450 36-41 


Rthyj-a) values correspond to low and high board density 


SUMMARY OF JUNCTION TO CASE THERMAL RESISTANCE 


PLCCE8 425 x 425 
PLCC84 450 x 450 er: eee 


JUNCTION TO AMBIENT THERMAL RESISTANCE IN STEADY STATE POWER DISSIPA- 
TION 


Figure 1 : SO8. Figure 2: SO14. 
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Figure 3 : SO16. 
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Figure 4 : SO20. 
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Figure 6 : PLCC44. 
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APPLICATION NOTE 


JUNCTION TO AMBIENT THERMAL RESISTANCE VS BOARD LAY-OUT 


(area of copper tracks on the board) 
Figure 9 : SO16. 


Rthj-a 
(CCiw) 


DIE SIZE = 6€0x90sq mils 
BOARD AREA =072 sq mils 


eye le ese 

EPasree 

ty pile ete 

ye, ae 
SR eRES 


0 40 80 120 


lise PAD = 260x260 sq mils 
Prot = 1W 


0 100 200 300 400 500 600 At (x1000 
sq mils) 


780 


Rthy-a 
(°C/w) 


100 


SGS-THOMSON 
MICROELECTRONICS 


Figure 10 : SO20. 
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TRANSIENT THERMAL RESISTANCE FOR SINGLE PULSES 
Figure 13 : SO8. Figure 14 : SO14, 16. 
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APPLICATION NOTE 


PEAK TRANSIENT THERMAL RESISTANCE FOR REPEATED PULSES 


Figure 19 : SO14. 
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Figure 21 : PLCC44. 
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Figure 23 : PLCC84. 
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Figure 20 : SO20. 
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Figure 22 : PLCC68. 
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THERMAL DATA OF MEDIUM POWER PACKAGES 


Pf Rin-py [CW] (AVERAGE) Ringe (°C/W 
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PLCC (83 + 11) 


* with 6 sq cm on board heat-sink 


JUNCTION TO PINS THERMAL RESISTANCE VS ON DIE DISSIPATING AREA 


Figure 24: SO (12 +4 +4). Figure 25 : PLCC (83 + 11). 
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JUNCTION TO AMBIENT THERMAL RESISTANCE VS AREA ON BOARD HEAT-SINK 
Figure 26 : SO (12 + 4 + 4). 
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APPLICATION NOTE 
Figure 27 : PLCC (33 + 11). 
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PEAK TRANSIENT THERMAL RESISTANCE FOR REPEATED PULSES. 


Figure 31 : PLCC (12 + 4 + 4). 
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APPLICATION EXAMPLES OF THERMAL 
DATA 


Good thermal design begins with system and relia- 
bility considerations. This turn is based on correct 
consideration of ambient and device temperature 
parameters. 


The ambient temperature Ta defined for applications 
can range from 50 to 55°C, as is common in many 
consumer and computer applications, through to 
80°C or more in applications such as automotive sys- 
tems. The ambient temperature depends on the vari- 
ous heat and cooling sources surrounding the device. 
An important factor in device lifetime is junction tem- 
perature - lifetime is approximately halved when junc- 
tion temperature T, is increased by 10°C. The 
maximum junction temperature commensurate with 


EXAMPLE 1 : Maximum dissipation for SO16 
packaged device soldered onto an FR4 board 
(1 oz copper) under the following conditions : 


« Ambient temperature : Ta = 70°C 
¢ Maximum Junction Temperature : Tmax = 130°C 


The average length of the 12mils wide copper line 
connected to each pin is 80mils, soldering pads are 
30 x 40mils. The total are is thus : 


A = [(80 x 12) + 1200 x 16] = 34560sq.mils 


Figure 32 : PLCC (33 + 11). 
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good reliability, takes into account the activation en- 
ergy of the failure mechanisms which may differ for 
various silicon and packaging technologies. 


In plastic packages the maximum Tymax is 150°C, 
but lower values (100 to 120°C) may be specified in 
high rel applications such as telecoms. 


When Tjmax and Ta are known, their difference AT, 
indicates the permissible junction temeperature rise 
for a given device. For a given power dissipation Pd, 
the thermal design must ensure that the product Pd 
x Rth(j-a) is lower than AT, ; where Riny-a) is the ther- 
mal resistance of the device from the junction to the 
ambient at temperature Ta. This takes into consider- 
ation the many elements connected to the heat 
source and includes the leadframe, moulding com- 
pound, substrate and heatsink, if used. 


SOLUTION 


Frcin tig. 13, the value for Riny-a) is 125° >/W for a 
copper frame package. Comparing figs. 5 and 6, a 
value of about 240°C/W can be assumed for Alloy 
42 packages. The allowed rise in junction tempera- 
ture Is : ATymax = 130 - 70 = 60°C 

Maximum dissipation is given by ATjmax/Rthy-a). 
Therefore : 

60/125 = 0.48W for Copper frame 


60/240 = 0.25 for Alloy 42 frame 
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EXAMPLE 2 : Junction temperature for an SO20 
packaged device soldered on FR4, under the fol- 
lowing conditions : 


¢ Ambient temperature Ta = 70°C 
« Dissipated Power Pd = 0.6W 


EXAMPLE 3 : To determine the size of an inte- 
grated heatsink for a medium power application 
using a PLCC (33 + 11) under the following con- 
ditions : 

¢ Ambient temperature Tg = 50°C 

¢ Max. Junction Temperature Tmax = 150°C 


¢ Dissipated Power Pd = 2.2W 


EXAMPLE 4 : Given the application described in 
example 3 determine the maximum pulse width 
for a single 4W pulse superimposed on a con- 
tinuous 1.5W dissipation 


EXAMPLE 5 : In a medium power application 
using an SO (12 + 4 + 4) calculate the average 
junction temperature and the peak temperature 
for repeated pulses under the following condi- 
tions : 


¢« Ambient temperature Ta = 70°C 

¢ On board heatsink area A = 9 sq.cm. 
¢ Pulse length = 100ms 

¢ Pulse height = 5W 

¢ Duty cycle = 20% 


SOLUTION 


A total trace-area of 200k sq.mils is assumed,this 
then gives, from fig. 14 : 


* Thermal Resistance Rihy-ay = 90°C/W 

¢ ATj = Pd x Rihjj-a) 

« AT, =0.6 x 90 = 54°C 

* Junction Temperature Tj = 54 + 70 = 124°C 


SOLUTION 
By calculation the application needs an Rithg-a) of : 


_ (150 - 50)/2.2 = 45.5°C/W 


From figure 32 the on board heatspreader can thus 
be defined as needing an area of about 2 sq.cm. 


SOLUTION 

The continuous steady state junction temperature 
at 1.5W dissipation is : 

Tjss = (1.5 x 45.5) + 50 = 118.25°C 

The single pulse is allowed to cause a maximum in- 
crease of (150 - 118.25°C) = 31.75°C. 

The related transient thermal resistance is (31.75/4) 
= 7.9°C/W 


From figure 33, the corresponding pulse width can 
be interpreted as being in the order of 200ms. 


SOLUTION 


From figure 31, the thermal resistance is found to 
be 49°C/W. Thus the average junction temperature 
can be calculated : 

Tjavg = (5 X 49 x 0.2) + 70 = 119°C 

From figure 36, the peak thermal resistance is given 
as around 15°C/W. The peak temperature can thus 
be calculated as : 


Tp = (5 x 15) +70 = 145 
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RESISTANCE TO SOLDERING HEAT 
AND THERMAL CHARACTERISTICS OF PLASTIC SMDs 


INTRODUCTION 


Surface Mount Technology (SMT) has introduced a 
number of new technical problems, which have de- 
layed the conversion from insertion assembly. 


This is not strange : what readily available source of 
expertise existed a few years ago ? 


Plastic SO packages were introduced in Europe in 
the early 70s and widely used in hybrids, but hybrid 
assembly has little relationship with the placement, 
soldering, handling tools now considered for SM 
PCB production. Was it surprising that even the 
semiconductor suppliers with sound experience in 
SO production could not give all of the answers 
needed by the PCB manufacturer ? 


Japanese experience in SMT based consumer pro- 
ducts is impressive : 87% of components used for 
cameras are in SM versions. However, the degree 
of complexity and performance of consumer pro- 
ducts are somewhat different from the industrial, 
automotive and telecoms applications the Western 
world is interested in. On the other hand, in 1985 the 
percentage of SMDs (active and passive) used in 
industrial systems produced in Japan was 16.6% in 
telephones, 5.5% in automotive applications, 5.1% 
in cable communication, 0.7% in minicomputers' : 
that is, a level similar to US and European produc- 
tion, presumably with a similar level of expertise. 


In the past few years confidence in SMT has in- 
creased. More experience exists, which is the result 
of an expensive learning phase covered by both 
SMD manufacturers and users. 


The reliability of plastic SMDs has an important 
place in this work. It needs a new approach in com- 
parison with equivalent insertion devices, due to the 
completely different use. 


In 14 years of production, no distinction was made 
in the authors’ company between SO and DIP, from 
the point of view of reliability. They had the same re- 
liability targets and similar evaluation methodology ; 
the former was often hot plate soldered on leaded 
ceramics for more convenient handling but no dif- 
ference in long-term reliability existed. 


With SMT, this is inadequate. Negative effects due 
to the various assembly processes, and to some 
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thermomechanical influence of the board, can limit 
the device life. 


The present work is focused on SMDs soldered onto 
a plastic substrate, by means of the most common 
industrial processes, and takes into account two as- 
pects of reliability : 


1. Resistance to soldering heat, i.e., the suitability 
to withstand the thermal shock associated with 
the soldering cycle, without reducing reliability. 
This information is obtained by performing mois- 
ture resistance tests. Data about SO packages 
will be presented. For PLCCs, evaluation is in 
progress and will be concluded in the first half of 
1988. 


2. Heat dissipation, which influences the failure rate. 
This information is obtained with test patterns 
and test boards designed by SGS-THOMSON 
Microelectronics and includes thermal imped- 
ance in pulsed conditions. A few case studies will 
be included in this paper but complete characteri- 
sations are available elsewhere. 


RESISTANCE TO SOLDERING HEAT 


In through-hole technology, devices are inserted 
from the upper side of the board and wave soldered 
from its lower side. 


Only the lead extremities reach the temperature 
(250-260°C) of the molten solder ; the maximum 
specified soldering time of 10s is short enough to 
avoid over-heating of the package body, which 
generally does not exceed 120-130°C during the 
whole process. 


This temperature is lower than the moulding com- 
pound glass transition temperature (160-170°C) 
and the risk of permanent damage to the package 
structure or to the silicon die is excluded. 

Device reliability is defined almost independently of 
the soldering time and temperature ; devices under 
reliability test are mounted on sockets, thus neglect- 
ing the effect of the assembly process. 

On the contrary, in all industrial SMT processes, de- 
vices are soldered in a high temperature ambient 
(215-260°C), with high heating rate, and the plastic 
package is kept in glass transition conditions 
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(figure 1) for a relatively long time (up to 60s). This 
situation was never encountered before. 


Concern over reduced reliability is justified and ex- 
plains the trend towards defining SMD reliability 
after the soldering cycle, in order to include the ef- 
fects summarised in table 1. 


Figure 1 : Thermal Expansion of Moulding Com- 
pounds, Compared with the Tempera- 
ture of Different Soldering Techniques. 


a 


Table 1 : Factors Affecting SMD Reliability on 
Printed Board. 


SMD Package 


Design and Structure Volume and Thermal Inertia 
Internal Contamination Water Content 
Thermomechanical Properties Lead Solderability 


Assembly Process 


Soldering Method Contamination Level (flux) 
Soldering Time/temperature Rinsing 


Substrate 


Thermomechanical Properties Thermal Dissipation 


EXPERIMENTAL 


Reliability tests are performed on parts soldered 
onto test boards (4.5 in. x 6.5 in. FR-4 substrates). 


SM PCB1 test board can accept SO-8, 14, 16. It is 
pre-grooved, in order to be cut in 35 positions, hav- 
ing the lay-out shown in figure 2 ; the SMD footprints 
are electrically connected to through-holes, with a 
pitch of 100 mils and placed in two parallel rows, 600 
mils apart. Commercial pins inserted in the through- 
holes give the possibility of using the same equip- 
ment needed by DIPs. 


The soldering processes from table 2 were used for 
SO packaged bipolar Operational Amplifiers and C- 
Mos Standard Logic. In order to simulate a rework, 
the soldering cycle was repeated on a number of 
devices. Soldering is followed by the usual rinsing 
in water or Freon, with or without ultrasonics. 


Figure 2 : SM PCB1 Test Board. 
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Table 2 : Soldering Processes Evaluated with 
SO Packaged Devices. 


| Preneatne | sorenna | ME 
TvapourPhase| | a1sce0s |e | 


The reliability evaluation was performed by means 
of the following tests : 


Operating Life 150°C 
Pressure Pot 121°C/2atm 
THB 85°C/85% RH 

15V (bips) 

6V (CMos) 
HAST 130°C/85% RH 

15V (bips) 

6V (CMos) 
Thermal Cycles — 55/+ 150°C 

(30/5/30 min) 
Thermal Shocks — 55/+ 150°C 


(5/1/5 min liquid) 


130°C/85%RH Highly Accelerated Steam Test 
(HAST) has an acceleration factor of about 18-20 
(ref. 3) in comparison with 85C/85%RH, and the 
concrete possibility of reaching wear-out exists with 
this test, after an acceptable time. 

For PLCC packages a similar methodology is fol- 
lowed. At the time of writing, only partial data are 
available, which will not be included here. 
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EXPERIMENTAL RESULTS 


Experimental results are summarised in tables 3-6. 


Table 3 : Cumulative Reliability Data after 
Multiple Wave Soldering. 


Test Vehicles : LM2904 (SO-8), LM2901 (SO-14) and 
M74HC74 (SO-14) 


Double Wave 


1/105* 0/32 
0/32 


Pressure Pot 96h 


THB 85°C/85%RH 1000h 
2000h 


HAST 130°C/85%RH 100h 
200h 


Thermal Shocks 500 


* Parametric Failure 


Table 4 : Reliability Data after Vapour Phase 
Reflow. 


Test Vehicle : LM2901 (SO-14) 


THB 85°C/85%RH 
1000h 
2000h 


HAST 130°C/85%RH V = 15V 
100h 
200h 
372h 
458h 
635h 


Thermal Cycles 500 Ns case eel 


All failures due to pad corrosion 


Table 5 : Cumulative Reliability Data after 
Infra-red Reflow. 


Test Vehicles - M74HCOO and M74HC74 (SO-14) 


THB 85°C/85%RH 1300h 0/34 


HAST 130°C/85%RH 
100h 
200h 
500h 
672h 


Thermal Cycles 750 0/70 
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Table 6 : Cumulative Reliability Data in Multiple 
Wave Soldering with Repetition of the 
Soldering Cycle. 


Test Vehicles : LM2903 (SO-8), LM2901 and M74HCO00 
(SO-14) 


Double Wave | Triple Wave 
250°C/3.4s 260°C/3s 


100 Thermal Cycles 
(- 40/150°C) Followed 
by Pressure Pot 
96h 

168h 

240h 

HAST 130°C/85%RH 

COMMENTS ON THE RELIABILITY RESULTS 
Previous results do not reveal negative effects due 
to the exposure of SM devices to the soldering heat, 
for all of the industrial SMT soldering methods, in 
combination with the most common solders and 
cleaning solvents (Freon, water with and without 
the package body. 
Pad corrosion is the final failure mechanism for all 
samples. 
This performance is about 7-10 times better than the 
2000-3000 h THB 85°C/859%RH, which is currently 
requested as qualification target in moisture resis- 
tance biased tests. Therefore, the reliability of sur- 


V = 6V 
100h 
ultrasonics). 
Wear-out in the HAST test (130°C/85%RH) is bet- 
face mounted devices considered in this work is high 
enough to meet the most stringent requirements of 


Pressure Pot 
96h 0/56 
504h 0/56 
0/30 | 0/30 | 0/60 
0/30 | 0/30 | 0/60 
0/30 | 0/30 | 0/60 
0/32 | 0/32 | 0/32 
500h 0/18] 0/18 
1000h 0/18; 0/18 
1150h 1/18| 1/18" 
1300h 177] 17/17" 
ween 1100 and 1300 hours when the soldering 
cycle is repeated up to 4 times with high tempera- 
ture (250-260°C) multiple wave soldering, which is 
considered to transfer the highest thermal stress to 
the professional market. 
No evidence of cracks in the plastic case was found 
in the previous evaluations. This effect (referred to 
also as ‘pop corn’ effect) is attributed to some anom- 
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alous thermal expansion of the package in the sol- 
dering phase, caused by water absorbed by the 
plastic encapsulation : a thermal treatment at a tem- 
perature higher than 100°C for a few hours is sug- 
gested in order to remove the absorbed water. 


As this thermal pre-conditioning should be per- 
formed shortly before soldering, a serious problem 
arises in the assembly line. Such thermal annealing 
is not practical when the parts are supplied in plas- 
tic tapes or sticks : they should be removed from the 
packs by the user, heat treated, and packed again 
with additional costs and risks (co-planarity). 


In this company's experience, the ‘pop corn’ effect 
can be completely avoided by controlling the frame- 
encapsulant interface, which is the easiest path for 
the water. Furthermore, experience has indicated 
that water at that interface does change the expan- 
sion characteristics of the package. About five years 
ago, the curve of figure 3 was found in some parts 
(coming from lots affected by the ‘pop corn’ prob- 
lem) using Thermo-Mechanical Analysis (TMA). De- 
vices under test were placed between the probes of 
the TMA transducer and their expansion character- 
istics recorded. 


In the first ramp (5°C/min), package expansion was 
much higher than the moulding compound expan- 
sion between 50 and 100°C ; over 100°C, it returned 
on the curve typical of the encapsulant. Cooling 
down and repeating the measurement, only the 
lower curve of figure 3 was covered. 


This behaviour was attributed to water having pene- 
trated between the frame and the plastic body, 
whose expansion was responsible for the package 
deformation during the slow heating in TMA. When 
the parts were soldered on the substrate, cracks 
could occur due to the much faster heating rate. 


Figure 3 : Thermal Expansion of SO Packages. 


The problem was solved when the possibility of con- 
trolling the water content was found, by means of 
an improved frame design and some dedicated pro- 
duction steps. 


Millions of parts assembled in recent years showed 
no evidence of the ‘pop corn’ effect, without any pre- 
conditioning before use. 


The same solutions are successfully adopted for 
PLCC packages. 


THERMAL CHARACTERISTICS 


Correlation between reliability and junction tem- 
perature Tj is known : 


the device lifetime is roughly halved when Tj is in- 
creased by 10°C. 


Mainly due to this fact, thermal dissipation is a sec- 
ond factor which can influence SMD reliability : a re- 
duced body means worse dissipation and higher 
power density on the board. 


As careful thermal design is the key to improved re- 
liability, a systematic characterisation of SM pack- 
ages was performed, in order to study the main 
factors affecting thermal dissipation at both levels of 
package design and board design. 


In the course of this work, the need for some critical 
revision of the way of producing and using thermal 
data was evident. 


A point which cannot be under-evaluated is the 
choice of measurement method, as will be dis- 
cussed later. 


Another important point is the following : the com- 
mon way of specifying the junction to ambient ther- 
mal resistance Rth(j-a) is to associate one value of 
Rth(j-a) to each device. 


In the majority of data books, including this com- 
pany’s previous literature, little information is given 
on the experimental conditions used to obtain that 
value : the dissipated power and , above all, the kind 
of interconnection between the package and the 
measurement set-up (wires, socket or board), which 
in some cases can become a far from negligible heat 
transfer element. 


Ignoring this contribution was probably justifie with 
packages having a low thermal conductivity frame, 
such as Alloy 42 or Kovar. 


For those packages, heat spreading was limited to 
the silicon die and to the die pad ; thermal dissipa- 
tion was little affected by the surroundings and the 
measurement assembly had little influence on the 
final value of Rth(j-a). 
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This is not the case concerning the same packages 
with a copper frame, introduced a few years ago to 
achieve a higher power capability ; due to better 
thermal conductivity of the leads they are much 
more sensitive to external dissipating media, event- 
ually used for the measurement. 


Similar statements are valid for SMDs and become 
more important on account of their reduced dimen- 
sions. 


The concept is summarised in table 7, where the 
thermal resistance of some dual-in-line (DIP), Small 
Outline (SO) and Plastic Leaded Chip Carrier 
(PLCC) packages is given. The influence of the 
frame thermal conductibity is remarkable ; but like- 
wise remarkable are the differences obtained for the 
same package, when it is connected by thin wires 
(and ‘floating’ in still air) or soldered on a PC board 
during the measurement. 


Table 7 : Junction to Ambient Thermal 
Resistance (C/W) for DIP and SM 
Packages in Different Experimental 
Conditions. 


Power | 'Floating'| On SGS 
Pd[W] | in Air | Test Board 
Cu 0.25mm 
SO-14 Leads (**) 
PLCC-44 Leads (***) 
Cu 0.25mm i 70 52 1.35 
die size: (*) = 0.095 mn. x 0.110 in. 


DIP 14 Leads (*) 
Alloy 42 0.25mm 0.5 156 138 1.13 
0.6 125 90 1.39 
Alloy 42 0.25mm 0.4 280 195 1.43 
Cu 0.25mm 0.6 190 105 1.80 
.O 
(“*) = 0.060 in. x 0.090 in. 
(***) = 0.180 in. x 0.180 in. 


Especially for SO packages the influence of the sub- 
strate on thermal dissipation is noticeable. This fact 
can help to explain the following points : 


1. The Rth(j-a) values published by different SMD 
suppliers are distributed in too wide a range 
(more than 70°C/W for SO packages) which han- 
dicaps a correct thermal design. Most of the dif- 
ference is probably due to different test boards, 
and the availability of standardised measure- 
ment methodology should help to give more ac- 
curate information. 


2. The board lay-out contribution should be studied, 
in order to quantify the effect of device density : 
a suitable distance between two or more dissi- 
pating elements can be an effective solution for 
improved reliability. 


APPLICATION NOTE 


3. Specification of thermal characteristics should in- 
clude more elements (power level, board density, 
package design) which cannot be summarised in 
one single thermal resistance value, as was com- 
monly the case with Alloy 42 DIPs. 


A set of experimental curves was obtained for each 
SM package,” which gives the relationship between 
these factors ; if used to feed back the board de- 
sign, they should help to achieve a better thermal 
performance. 


The most significant results will be discussed 
here. 


Moreover, two other factors will be considered. 


1. The thermal capacitance of the package, which 
is significant especially in higher pin count 
PLCCs ; it delays Tj increase during power tran- 
sients and is important in switching applications. 


2. The frame design in association with a suitable 
board design ; alow resistance thermal path can 
be obtained with modified frames ; heat is then 
conveyed to copper areas obtained on the board 
and dissipated power can be increased to 2W 
with SOs and PLCCs. 


EXPERIMENTAL METHOD 


When thermal measurements on plastic packages 
are performed, the first consideration is the lack of 
a Standard method : at present, only draft specifica- 
tions? exist, proposed in 1986 and not yet standa- 
rdised. 


The experimental method used in this company 
since 1984 has anticipated these preliminary rec- 
ommendations to some extent, as it is based on the 
P432 thermal test pattern (figure 4) having two npn 
transistors, with 10W each power capability. A sens- 
ing diode is placed on the thermal plateau arising 
when the transistors are operating in parallel and 
gives the actual value of Tj, through the calibration 
curve of its forward voltage Vf (at constant current) 
vs temperature. 


Transistor size, which is not fixed by the documents 
proposed for standardisation, was_ intentionally 
limited to 1000 mils?, in order to simulate a high 
power density and characterise the worst case. Die 
size, which is found to have some influence on ther- 
mal resistance when copper frame is used, is slight- 
ly smaller than the die pad size and never exceeds 
30000 mils* in larger packages, such as high pin 
count PLCCs. 


The measurement set-up is shown in figure 5. It 
is compatible with DC and AC power supply and 
has an accuracy better than 5%. 
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APPLICATION NOTE 


The advantages offered by the test pattern are : 
(i) high power capability (wider evaluation range) ; 


(ii) repeatable electrical characteristics (Vf) and 
temperature coefficient (1.9mV/C) of the sens- 
ing element (accuracy) ; 


(iii) high resolution in pulsed conditions (evaluation 
down to 100s pulses) ; 

(iv) better correlation from one package to another. 

Alloy 42 frames and copper frames were used for 

narrow SO packages (150 mils body) ; only copper 

frames were considered for the others : wide SO 

(300 mils body) and PLCC packages. 


Suitable FR-4 test boards were developed, which 
will be described case by case. 


Figure 4 : Test Pattern P432 Layout. 
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THERMAL CHARACTERISTICS IN DC CONDI- 
TIONS 


Thermal characteristics of the SO-14 package in DC 
conditions are shown in figure 6. 


The upper curve is related to samples floating in still 
air and connected to 8 thin wires needed for biasing 
the dissipating transistors and the sensing diode of 
the P432 test pattern. 


Samples soldered on the FR-4 test board shown in 
figure 2 have an approximately halved thermal re- 
sistance ; by reducing the copper pattern length of 
the test board, different component densities are 
simulated : thermal resistance is increased by about 
30% when the track length has the minimum value. 


Dependence of the thermal resistance on the total 
area of the traces connected to the package is re- 
presented by the curve of figure 7. It quantifies the 
effectiveness of the board lay-out to spread the heat 
and dissipate it towards the ambient and can be con- 
veniently used for determining the thermal resist- 
ance value associated with a given board design. 


Figure 6 : Rth(j-a) of SO-14 Package vs. Power 
Level. 
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Figure 7 : Rth(j-a) of SO-14 vs. on Board Trace 
Area. 
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Figure 8 : Rth(j-a) of SO-14 with Copper (SGS- 
THOMSON) and Alloy 42 Frame. 
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Comparison of low conductivity (Alloy 42) and high 
conductivity (copper) frames is shown in figure 8. 


The data obtained for the different SM packages are 
summarised in table 8 ; the two thermal resistance 
values refer to the two extreme cases of a low den- 
sity and a high density board. 
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Table 8 : Summary of Junction to Ambient 
Thermal Resistance in Steady State 
Power Dissipation (SGS-THOMSON 
test boards) 


Rth(j-a) [°C/W] 
on Board 


120-160 
105-145 
180-215 
95-135 
90-112 
77-97 
90-110 


Copper 
SO-16 Alloy 42 
SO-16W Copper 


180 x 180 
260 x 260 


Rth(j-a) values correspond to low and high board density 
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THERMAL IMPEDANCE IN PULSED CONDI- 
TIONS 


The electrical equivalent of heat dissipation for a 
module formed by the active device, its package, 
the board and the external ambient is a chain of RC 
cells each having a characteristic risetime t = RC. 


Thermal capacitance is the capability of heat accu- 
mulation and depends on the heat capacitance of 
the materials, their volume and their density. 


When the power is switched on, the junction tem- 
perature after a time t is the result of the subsequent 
charge of the RC cells, according to the well known 
exponential relationship : 

AT, = Rth x Pd x (1 — et/t) 


When the pulse length to is an assigned value, ef- 
fective Tj can be significantly lower than the steady 
state T; (figure 9) and a transient thermal resistance 
Rth(to) can be defined, from the ratio between the 
junction temperature at the end of the pulse and the 
dissipated power. 


Obviously, for shorter pulses, transient thermal re- 
sistance is lower and a higher power can be dissi- 
pated without exceeding the maximum junction 
temperature defined in reliability considerations. 


In asimilar way, when pulses of the same height Pd 
are repeated with a defined duty cycle DC and the 
pulse is short in comparison with the total risetime 
of the system, the train of pulses is seen as continu- 
ous source at a mean power level : 

Pdavg = Pd x DC 


Figure 9 : Qualitative Tj Increase for Single 
Power Pulse. 
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On the other hand, the silicon die has a risetime of 
1-2ms and is able to follow frequencies of some 
kHz : junction temperature oscillates about the aver- 
age value : 

ATjavg = Rth x Pdavg 


as qualitatively shown in figure 10. 


The thermal resistance corresponding to the peak 
of the oscillation at the equilibrium (peak thermal re- 
sistance) gives information on the maximum tem- 
perature reached by the device and, depending on 
DC and pulse width, can be much lower than DC 
thermal resistance. 


Figure 10 : Qualitative Tj Increase for Repeated 
Power Pulse. 


-. 


The knowledge of thermal characteristics in the AC 
condition is a valid tool to reduce redundancy (and 
cost) in the thermal design of pulsed applications. 


Figure 12 : Transient Thermal Resistance for 
PLCC-84 on Board. 
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The example is now given of a high pin count PLCC, 
which has a large thermal capacitance, due to its 
volume and weight. 


Temperature increase for 84 lead PLCCs soldered 
onthe SM PCB5 test board (figure 11) for single pul- 
ses of different length is given in figure 12. A rise- 
time of 50-60s is typical for this package, having a 
thermal resistance of 38°C W in steady state (see 
table 8). 


For single pulses, the effective thermal resistance is 
much reduced and acceptable junction temperature 
is observed even for high power pulses. 10W can 
be delivered for about 1s (9°C/W) and 5W for 10s 
(18°C/W). 

Peak thermal resistance for repeated pulses, with 
different duty cycles, is represented in figure 13 and 
the above considerations are valid in this case also. 


Figure 13 : Peak Transient Rth for PLCC-84 on 
The Board. 
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MEDIUM POWER APPLICATION 


The lack of power packages suitable for SMT re- 
quirements (standard outline, automatic handling) 
is Known. 


A simple way to achieve power dissipation in the 
medium range (1-2W) is to transform the available 
signal packages and modify their frame to obtain a 
high conduction path. 


In figure 14 the frame of medium power SO and 
PLCC packages is shown : some leads are con- 
nected to the die pad, in order to have a low junc- 
tion-to-pin thermal resistance Rth(j-p). Typical 
values of this parameter are in the range of 12- 
15°C/W, with a high conductivity lead frame. 


Modification involves the internal part of the frame 
only, while the external dimensions of the package 
are not changed ; the solution offers the undoubted 
advantage of being compatible with existing hand- 
ling and testing tools. 


The heat produced by the IC, and conveyed exter- 
nally by the heat transfer leads, can be cost effec- 
tively transferred to the ambient by means of 
dedicated copper heatsinks, integrated on the 
board. 


Figure 14 : Medium Power SO and PLCC Frame. 
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In figure 15, the layout of test boards used for the 
thermal characterisation of medium power SO-20s 
(with 8 heat transfer leads) and PLCC-44s (with 11 
heat transfer leads) is represented. 


The area of the integrated heatsink can be opti- 
mised for cost reduction, depending on the dissipa- 
tion level. In figure 16 the relationship between the 
Rth(j-a) of the PLCC (33 + 11) and the total dissi- 
pating area is given. 


It can be noticed that, with 6-7 sq cm of substrate, the 
thermal resistance of PLCC-44s can be decreased 
from 55°C/W to 40°C/W, for 1.5-2W dissipation. 


A similar performance is possible with the medium 
power SOs. 
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Figure 15 : Test Boards for Medium Power SO-20 
and PLCC-44 Package. 
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Figure 16 : Rth(j-a) of Medium Power PLCC-44 
vs. Dissipating Area on Board. 
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CONCLUSIONS 


In SMT, two main reliability related concerns are re- 
sistance to soldering heat and heat dissipation. 


RESISTANCE TO SOLDERING HEAT 


After extensive evaluation of devices soldered on 
plastic substrates by means of the three industrial 
soldering methods (multiple wave soldering, vapour 
phase and IR reflow), no reliability degradation was 
found. 


The following soldering conditions are possible with 

SO packaged devices : 

ms Multiple Wave : T = 250 - 260°C/t = 4s (repetition 
allowed) 

w Vapour Phase : T = 215'C/t = 20s (repetition 
allowed) 

a Infra-red : T > 210°C/t = 60s (Tmax = 225°C) 
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No crack in the plastic case was evidenced during 
the above work or in the field, in recent years of pro- 
duction, and no thermal preconditioning was 
needed. However, this result was obtained after op- 
timisation of the frame design and of the production 
process. Its extension to the totality of the products 
existing on the market might be too arbitrary, but it 
is possible to conclude that the structure of SM pack- 
ages, when associated with suitable materials and 
processes, is able to meet the user’s requirements. 


A similar evaluation is running for PLCC packages 
and will be completed in the first half of 1988. 


HEAT DISSIPATION 


Some considerations have been made about the 
consequence of the lack of some standard evalu- 
ation methodology. To standardise test chips and 
test boards is very important, in order to reach a bet- 
ter knowledge and a better information exchange. 


By means of an internally developed test pattern 
and suitable test boards, three points have been stu- 
died : 


1. The influence of the substrate on thermal dissi- 
pation, whose effect has to be taken into account 


much more than for insertion packages. With a ° 


proper layout it is effective in reducing thermal re- 
sistance. For example, dissipation of copper 


frame SO package can become better than the 
equivalent Alloy 42 DIP and only 10-20% higher 
than the equivalent copper DIP. 


2. The thermal impedance, whose value is much 
more suitable for the thermal design of switching 
applications and can contribute to reduce the 
cost of the system. 


3. The new medium power SO and PLCC packages, 
which offer the possibility of cost-effective power 
dissipation in the range of 1.5-2W, still maintain- 
ing a standard outline. 
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APPLICATION NOTE 


HIGH SIDE MONOLITHIC SWITCH IN 
MULTIPOWER-BCD TECHNOLOGY 


Recent advances in integrated circuit technology 
have allowed the realization of anew mixed process 
integrating isolated DMOS power transistors in 
combination with bipolar and CMOS signal struc- 
tures onthe same chip. Called Multipower-BCD, this 
technology has been used to realize a monolithic 
self-protected high-side switch mainly intended for 
automotive applications. Driven by TTL, CMOS in- 
put logic it can supply resistive or inductive loads up 
to 6A DC allowing a current peak of 25A with an 
Rps(on) = 0.122 . Fault conditions are signaled on a 
diagnostic output pin. 


Figure 1 : Example of a Multiplexed System. 
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ELECTRONIC POWER SWITCHES IN THE 
CAR 


The increase of the number of the electrical compo- 
nents in the car (today more than 50) and the in- 
crease in assembly costs shall soon make 
economical multiplexed power supply and control 
systems. These systems consist of a single line for 
power supply and a multiplexed signal network for 
control ; in this way it is not necessary to have a wire 
for every load, but only acommon power line and a 
common signal line for all the loads (fig. 1). 
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APPLICATION NOTE 


The control system is made, for example, with acen- 
tral-unit near the dashboard, for the user interface, 
a serial data transmission line and some peripheral 
units near the loads (fig. 2). 


The multiplexed system’ not only makes it possible 
to reduce weight and overall dimensions of the ca- 
ble harness, now critical in some places (e.g. the 
junction between the vehicle body and the doors), 
but, also makes it possible to have a bidirectional si- 
gnal between peripheral units and the central unit 
without any extra line, this is useful for fault detec- 
tion and, in a future, for data transmission to make 
a more complex informatic system. 


Today the key problem, from the system enginee- 
ring point of view, is data transmission whereas for 


Figure 2 : Block Diagram of a Peripheral Unit. 
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semiconductor technology the key problem is the 

electronic power switches. 

The electronic switch, in addition to its main func- 

tion, must be able : 

1) to withstand a very high peak current (20A) with 
total battery voltage (= 14V) applied. 

2) to protect itself, the power network and the load 
against overvoltages (load dump = 60V) and 
overload (protecicn with fuses is impractical), 

3) to make some fault detections e.g. detect short 
circuit or open load condition. 


For this reasons a simple electromechanic or elec- 
tronic switch standing alone is not sufficient, a more 
complex circuit is necessary and for this the mono- 
lithic solution is the most effective. 
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HIGH SIDE DRIVER 


The problem of electrochemical corrosion is of pri- 
mary importance in automotive systems because 
the electrical components are in an adverse envi- 
ronment (temperature, humidity, salt), for this rea- 
son the series switch is connected between the load 
and the positive power source. Therefore when the 
electrical component is not powered (that is for the 
greatest part of the lifetime of the car) it is at the lo- 
west potential and electrochemical corrosion does 
not take place. 


For this connection, components such as power 
PNP bipolar transistor or Power P-channel MOS 
would be integrated with low level signal circuitry 


Figure 3 : Possible High Side Drivers. 
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(fig. 3a), but this kind of element is less efficient and 
more difficult to realize than their complementary 
one. NPN bipolar transistors or N-channel MOS, if 
directly driven by the supply voltage, are not a good 
solution because the minimum voltage drop on the 
switch is Vee or Vr (threshold voltage) ; the best so- 
lution is to have a driving voltage for the power tran- 
sistor, higher than the positive supply. Nevertheless 
a power junction NPN transistor (fig. 3b) needs a 
certain amount of base current ( B = 10-60 to have 
deep saturation) that could be obtained with a DC- 
DC converter ; if centralized it complicates the po- 
wer supply distribution network, if decentralized it 
complicates the peripheral unit always critical for 
size, reliability and cost. 


B) with NPN pass transistor (needs external DC-DC 
converter) 
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On the other side a POWER MOS N-channel (fig. THE PROCESS TECHNOLOGY 


3c), being a voltage driven device, requires for the For the realization of the device a mixed Bipolar- 
driving only a capacitive charge pump which canbe = GiWiOS-DMOS process has been utilized. This pro- 
fully integrated on the switch chip. cess integrates the following components (tab.1) 
Bipolar transistors moreover need driving power (Fig. 4) : 

and principally, are limited in maximum peak power 

by second breakdown. 


Table 1 : Devices in Multipower-BCD Technology. 


TOMOSNCHANNEL | —=BVosg > 5V | Vey | 
To-MOS P-CHANNEL SS BVgs = 15V | wet vf 
B = = 


BIPOLAR NPN2 VcEo > 20V B = 250 f 1GHz 


Figure 4 : A Schematic Cross Section of Bipolar, CMOS and DMOS Structures. 
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APPLICATION NOTE 


~ N-CHANNEL POWER DMOS able to withstand to optimize both very high and very low resistive 
Vos = 60V for the series element. circuitry and gate oxide capacitors (e.g. to realize 
_ BIPOLAR NPN AND PNP TRANSISTORS main- charge pump capacitors). 


ly employed in analog circuitry where low offset 
and high gain are needed e.g. voltage compara- THE CIRCUIT 
tors and references, operational amplifiers. The circuit (fig. 5) is made by a power DMOS series 
- CMOS TRANSISTORS to realize a dense logic element, eres circuit with Sree pump, an in- 
ie with stand by currents practically negli- put logic interface and some protection and fault de- 
gee tection circuits. 
. PASSIVE COMPONENTS as resistors with a 
great variety of sheet resistivity (830+8500Q/()) 


Figure 5 : Block Diagram of High Side Switch L9801. 
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THE POWER DMOS 


The power DMOS transistor is an array to 10,000 
elementary DMOS cells that occupies an area of 
about 19,000 mils® and has a Rps(on) = 80m2 with 
Vas = 10V. The low value of Rpsvon) is required both 
to increase the power transferred to the load and to 
minimize the power dissipated in the device. In fact 
the switch must be operative also at very high am- 
bient temperature (125°C) as required in automotive 
applications. For example to drive a 5A (60W) load, 
the drop on the switch is 400 mV and the dissipated 
power is 2W (Rithj-case 1.25°C/W). 


THE CHARGE PUMP 


The charge pump is a capacitive voltage doubler 
(fig. 6) starting from power supply (car. battery), dri- 
ven by a 500 KHz oscillator. 


The pump capacitor is an integrated 80 pF capaci- 
tor, the storage capacitor is the gate capacitance of 
the power itself (~ 500 pF). 


Figure 6 : Charge Pump. 
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Considering the very wide operating temperature 
range (Ij= 40 to+ 150°C) it is not possible to 
obtain the logic threshold from the conduction thre- 


Nevertheless a solution with a voltage reference 
and comparator is not suitable because it needs a 
bias current flowing also when the device is in the 
OFF state. 


This point is of great importance because the 
switches are directly connected to the car battery 
without the interposition of the ignition switch, thus 
also a little current (> 501A) multiplied for the num- 
ber of the switches (e.g. 50), causes an appreciable 
discharge current always flowing. 


For this reason a threshold circuit has been designed 
derived from a well known voltage reference (fig. 7). 


Figure 7 : Input Interface. 
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Reasoning around the threshold point it can be no- 
ted that the transconductance of Q2 is greater than 
the transconductance in Q1 branch (Qiseries R71). 
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The choice of the values is made imposing : 


1) Vin” = Vea = 1.250V band-gap voltage of sili- 
con. 


In this case Vin* is practically stable in tempera- 
ture and centered respect TTL input levels 
(ViMAX = 0.8V. Vumin = 2V). 


The idle current lags in the worst case, that is 
when Vin = Vimax = 0.8V. Tj = 150°C, it must be 
laBS =11 + lo < SOWA. 


The proposed circuit has also a third working region : 
when Vin < VBE lass = 0 Q3 OFF 


Observed that the TTL OUTPUT low level is VL max 
0.4V with practical driving circuits the idle current of 
this interface is zero : only at very high junction tem- 
perature (Vee < 400mV) or with noise margin = Vee 
0.4V) this performance cannot be warranted. 


The output of this circuit is useful to switch off not 
only the power DMOS, but also all the other circuits 
so that the idle current only the one of the input in- 
terface. 


PROTECTION AGAINST OVERVOLTAGES 


When the supply reaches the maximum operative 
voltage (18V) the device is turned OFF, protecting 
itself and the load ; moreover local zener clamps are 
provided in some critical points to avoid that Ves of 
any MOS transistor could reach dangerous values 
even during 60V load-dump transistor. 


PROTECTION AGAINST OVERLOAD 


If the design of this device the peculiar inrush cur- 
rent of incandescent lamps must be considered, in 
fact. 


1) When the tungsten wire is cold its resistence is 
about one tenth of the nominal steady state va- 
lue (e.g. about 300mQ for a 12V/50V lamp)... 


The decay time constant for the turn on extra- 
current of an incandescent lamp supplied with 
an ideal voltage source is on the order of some 
milliseconds. 


2 


eee 


3) A lamp powered with a constant current slightly 
higher than its steady state value has a turn on 
time on the order of 100msec. This time compa- 
rable with human reaction time is too much long 
for all flash-signalling devices. 


The design choice has been to put a 20A current li- 
mit (that is Imax = 5 Inom for a 50W/12V rated lamp). 
This is a compromise between lamp turn on time 
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(40msec) and electric and thermal dimensioning of 
the device (fig. 8). 


If the high current condition persists (e.g. load short 
circuit) and the junction temperature rises above 
155°C a thermal protection circuit turns off the de- 
vice preventing any damage. 


It must be noted that the power DMOS has no se- 
cond breakdown, for this reason current limiting and 
thermal shutdown are sufficient to protect the device 
against any overload. 


Some thermal hysteresis is provided to avoid a po- 
tentially critical condition (both current and voltage 
present during thermal shut down) for the POWER 
MOS. 


Figure 8 : Lamp Current (IL) and Voltage (VL) vs. 
Time with 20A Current Limitation and 
12V/50W Lamp. 
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FAULT DETECTION 


When the device is driven and one of the protections 
(over temperature, overvoltage, overload) is pre- 
sent a fault detection open drain output turns-on. 
This output is active also when the drop on the PO- 
WER MOS is less than 80mV (that is lioag < 1A) de- 
tecting the open load (disconnected or burned-out). 


When the device is off the fault detection circuits are 
not active and output transistor is turned off to allow 
a minimum quiescent current. 


MOTOR AND INDUCTIVE DRIVING 


This device can drive unipolar DC motors and sole- 
noids as well, in fact is can recirculate an inductive 
current when the output voltage goes more than a 
threshold lower than ground. The possibility to have 
a high start-up current is useful also for DC motors. 
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CONCLUSION - FUTURE DEVELOPMENTS 


A process allowing the integration of power DMOS, 
CMOS and BIPOLAR transistor makes possible the 
construction of a monolithic switch comprehending 
also protection and fault detection functions. 


The power DMOS approach allows also the possi- 
bility to make a large range of power switches with 
different ON resistance and current capability only 
scaling proportionally the power area. 


Moreover the CMOS structures can be utilized to 
make also the coder/decoder circuit to interface di- 
rectly the transmission line. 


Those features and the possibility to integrate more 
than one power element on the same chip makes 
possible, in a near future, the integration of the 
whole peripheral unit. 
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VERY LOW DROP REGULATORS 
ENHANCE SUPPLY PERFORMANCE 


Standard three-terminal voltage regulator ICs use 
an NPN transistor as the series pass element, so 
the input-output voltage drop is 1.5V-2V. Low dro- 
pout regulators using lateral PNP pass transistors 
have been available for several years, but a lateral 
PNP transistor has low gain, so the base current is 
necessarily high, and a low ft, so the settling time is 
poor. Moreover, for stability a large output capacitor 
is needed. 


Applying a new bipolar technology (see APPEN- 
DIX : Technology Is The Key) SGS-THOMSON has 


By Paolo ANTONIAZZI and Arturo WOLFSGRUBER 


developed two 5V low drop voltage regulators that 
use a new vertical PNP transistor structure to obtain 
low dropout and low quiescent current. 


Type L4940 delivers up to 1.5A and offers an input- 
output voltage drop of 700mV at the full 1.5A output 
current. A 1A version, type L4941, has an input-out- 
put drop of 450mV at 1A (100mvV at 0.1A). Both 
types have a quiescent current of 15mA at 1A (4mA 
with no load). Consequently these devices dissi- 
pates less power, improving the efficiency of any 
supply system (figure 1). 


Figure 1: A voltage regulator using vertical isolated PNP transistor is more efficient than regulators with 
NPN pass transistors because the drop out is lower. And it is more efficient than a regulator 
having a lateral PNP pass transistor because the quiescent current is lower. 
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APPLICATION NOTE 


Compared to other "low drop" regulator the L4940 
and L4941 have other advantages : regulation per- 
formance is guaranteed right down to the minimum 
input voltage and the device is stable even without 
an output capacitor. Additionally, a special circuit 
limits the quiescent current for input voltages from 
3V to 5V, typically high for low drop regulators be- 
cause of the saturation of the series regulator. 


The two application areas which benefit the most 
from second generation low drop regulators like the 
L4940 and L4941 are post regulation and battery 
supnlies. However, the device brings cost savings 
in any three-terminal regulator application. 


Figure 2: 


LOW DISSIPATION REDUCES SIZE, 
WEIGHT & COST 


In simple series regulator applications the low dissi- 
pation of the L4940/1 reduces the size and weight 
of the mains transformer, heatsink and printed cir- 
cuit board. A comparison between equivalent 5V/1A 
circuits using the L4941 and a standard L7805 regu- 
lator (figure 2) shows that the L4941 solution is not 
only more compact and lighter, it also costs less 
since the difference in costs between an L4941 and 
an L7805 is less than the cost saving. 


In simple series regulator applications the L4941 can replace standard three-terminal regula- 


tors like the L7805, reducing size, weight and cost. Heat dissipation is reduced, too. 


AC-LINE 
*15% 


COMPARISON BETWEEN L7805 AND L4941 


L4941 


IVt2 “lo 


L7805 


| Component — | Value Cost* | «Value Cost’ 
a 
9.4VA 11VA 
Diodes si 2x1 |2xiN4001 $0.1 2x1 }2x1N4001 $0.1 
10,F $0.1 1 00n $0.08 
fHeatsink = 20’ P200W $0.2 10’ OCW 3 
$5.97 —_ 


The L4941 solution, excluding the cost of the IC, is thus $1 cheaper. Moreover it is lighter, more compact 
and dissipates 1.6W less. 


* guide price for 1000 pieces. 
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These low drop regulators also bring important 
benefits in supplies using post regulation, the tech- 
nique where one or more linear regulators follow an- 
other regulator (often switching), to improve 
precision, reduce ripple and improve transient re- 
sponse. Though lightweight and cheap, an offline 
switching regulator suffers from poor load and line 
regulation and needs additional chokes and capa- 
citors to reduce ripple. 


Using standard regulators the efficiency of post 
regulation systems ts low because the intermediate 
voltage must be high enough to allow for the post 
regulator's voltage drop. Moreover, a lateral PNP 


low drop regulator has a poor transient response so 
it cannot reject switching ripple effectively. 


If L4940s or L4941s are used for post regulation the 
intermediate voltage need only be 1V above the final 
output voltage and 40dB SVR can be obtained at 
30kHz. Consequently less power is dissipated both 
in the post regulators and in the pre-regulator, mak- 
ing post regulation much more attractive -- de- 
signers can now have the precision, low ripple and 
fast response without sacrificing efficiency. 


Figure 3 shows a typical post-regulation power sup- 
ply using a switching regulator, based on the L4960, 
followed by L4941 low drop regulators. 


Figure 3 : Lowdrop regulators like the L4941 improve the efficiency of post regulation supplies because 
less power is dissipated and because the intermediate voltage can be lower. In this typical sup- 
ply design an L4960 offline switching regulator is followed by L4941 post regulators, giving an 


high overall efficiency. 
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IMPROVING BATTERY SUPPLIES 


The second application area where the L4940 and 
L4941 are particularly useful is in battery-powered 
equipment. Because of their lower dropout these 
devices need fewer battery cells -- five, compared 
to the six needed for an NPN regulator. In addition, 
with five NiCd cells the efficiency is 77-96% and the 
cells can be completely discharged. 


The low quiescent current of the L4940 and L4941 
reduces power consumption, prolonging battery life. 
Moreover, since they will continue to provide a 
stable 5V output with input voltages as low as 5.45V 
they also extend the effective battery life by allow- 
ing continued operation when the battery would pre- 
viously have been discarded (figure 4). 


Figure 4: The vertical PNP pass transistor permits a minimum dropout without the penalty of higher quies- 
cent current, giving a 30-50% longer battery life in equipment drawing a constant current two 


hours a day. 
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Figure 5 shows how an L4941 solution compares with five alternative 5V battery supplies. 


Figure 5: TheL4941 is also useful in battery-powered equipment, prolonging battery life by reducing cur- 
rent drain and supplying a regulated 5V output until the battery voltage has fallen to 5.45V. Here 
the L4941 solution is compared with five alternatives. 


+5 1.ZENER REGULATOR -- High current 
” consumption when battery fully charged and 
high losses in Rser. 


CELLS 


2. NPN SERIES REGULATOR -- Needs at least 
7Znn/C, 6NiCd or 4Pd cells.. , 


CELLS = 


3.DC-DC CONVERTERS -- Complicated and 
4 | | | | costly. Generates EMI and average efficiency 
= /5%. 
CELLS - T 


4. DISCRETE LOW DROP REGULATOR -- Bul- 
ky and performs poorly in comparison with in- 
tegrated solutions. 
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Figure 5 (continued). 


: 5. LATERAL PNP LOW DROP REGULATORS -- 
High quiescent current, limited output current 


and stability problems. 


6. L494x VERTICAL PNP LOW DROP REGULA- 
TORS -- Need only 62Zn/C cells or SNiCd cells 
(which are completely discharged). Quiescent 
current is low and average efficiency 80%. 


HIGHER CURRENT tect the external pass transistor when the output is 


To obtain more than 1.5A output current adiscrete Short circuited. An on-chip protection circuit pre- 
PNP transistor canbe added totheL4940asshown _—- Vents damage to the L4940. 
in figure 6. In this circuit Q2 is a current limiter to pro- When the load current does not vary greatly higher 


Figure 6 : An external PNP transistor can be added to the L4941 to obtain higher output current. Q2 is a 
current limiter to protect the external transistor. 
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output current can also be obtained by using a shunt resistor as shown in figure 7. 


Figure 7 : If the load current does not vary much a simple way to obtain higher current is to add a shunt 
resistor. 


4.5ohm - ew 
ae 


9 5V - 1.3A 
10% 


Another way to obtain higher current is simply to liability of the system and is useful also when relia- 
connect several devices in parallel as shown in bility is of prime importance. 
figure 8. This solution also increases the overall re- 


Figure 8 : Multiple L4941s can be paralleled to increase both output current and reliability. 
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Finally, higher current can be obtained with two de- output by paralleling the normal line input with a 
vices in parallel connected to parallel sources (figure backup battery, which is charged through Rlim when 
9). This circuit provides an uninterruptable 1.2A/5V the AC input is present. 


Figure 9 : Connecting two L4941s in parallel with an AC input and a battery yields an efficient 1.2A/5V 
uninterrutable supply. 


CELLS 


> Ah 
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USING THE L4941 AS A MODULATOR basic circuit for an amplifier or generator driving re- 


‘nati istive loads. The average output voltage can be 
Apart from power supply applications, the L4941 _—«S!stlve ues Js ee 
can be used as a modulator (figure 10). The modu- varied by adjusting the divider on the non-inverting 
lator part of this circuit is also useful in the lab asa —=«INput of the op amp. 
supply for SVR measurements or generally as a 


Figure 10 : The L4941 can be used as a modulator as illustrated in this circuit. 
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APPENDIX : TECHNOLOGY IS THE KEY 


In parallel with the emergence of mixed bipo- 
lar/DMOS processes, pure bipolar technology has 
made significant advances, too. One of the most im- 
portant of these advances ? the development of a 
new power PNP transistor structure -- the isolated 
collector vertical PNP (ICV PNP) -- which is similar 
in performance to NPN power transistors. 


The ICV PNP is a key element in the SGS-THOM- 


SON MIGROELECTRONICS Multipower-HDS* P? 
(HDS* P* = High Density Super Signal/Power Pro- 
cess) used to design the L4940 & L4941 low drop 
regulators, a 20V "Multipower" process which offers 
NPN & ICV PNP power transistors, small signal 
NPN & PNP transistors, IIL logic, ECL logic and a 
new low leakage diode structure (see fig. 11). 


Figure 11 :Multipower bipolar process with new ICV-PNP (isolated collector vertical PNP), similar in per- 


formance to NPN power transistors. 
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This process is characterized by an exceptionally 
high current density -- 6A/mm* for NPN transistors ; 
2A/mm* for PNP transistors (at Vsat = 1V, Hre = 10) 
-- and very high density in the signal processing sec- 
tion. 


Thanks to the ICV PNP power transistor structure, 
designers can choose any output configuration -- 
low side, high side, half bridge, bridge. In addition, 
the low voltage drop of the ICV PNP is very useful 
in applications where the dropout voltage is critical - 
in voltage regulators and automotive solenoid dri- 
vers, for example. 


Another new structure offered by Multipower-HDS? 
P?, the Low Leakage Diode (LLD) is very useful in 
power ICs driving inductive loads. With a parasitic 
PNP gain about four orders of magnitude lower than 
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conventional diodes, the LLDs reduce dissipation in 
the chip -- always an important consideration in 
power IC design. 


Multipower-HDS* P* can be applied in simple pro- 
ducts where an ICV PNP output stage is needed 
such as the L4941. Moreover, because it allows the 
integration of very complex control circuits it is also 
used for power ICs which integrate a complete 
power subsystem such as the L6217, a single chip 
microstepping drive for stepper motors. 


A similar process rated at 60V -- Multipower-S* P? 
-- has also been developed. While Multipower-HDS* 
P* is aimed at low voltage, high complexity applica- 
tions, Multipower-S* P* is intended for higher volt- 
age applications with medium complexity control 
circuits. 
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FULLY PROTECTED HIGH VOLTAGE 
INTERFACE FOR ELECTRONIC IGNITION 


INTRODUCTION 


It is well Known that an electronic car ignition sys- 
tem must be able to generate and supply the high 
energy discharge to the spark plugs, firing the pe- 
trol/air mixture at a precise point in each piston 
cycle. This job is performed by means of an high en- 
ergy coil, its driver stage and the most suitable con- 
troller ; an example is shown in fig. 1. 


In the most recent car ignition systems the coil cur- 
rent loading signal is controlled by a microproces- 


Figure 1 : Car Ignition System. 
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sor that can also optimize the ignition timing. This 
ensures the correct spark at every speed for all en- 
vironmental conditions. 


The engine efficiency is so optimized ensuring the 
minimum toxic exhaust gas emission. 


The high voltage necessary to generate the spark 
is obtained by charging the primary winding of the 
ignition coil with a controlled energy, i.e. a control- 
led current. 


INTERFACE 
AND 
CONTROL 


HIGH VOLTAGE 


POWER ACTUATOR ANB 


SUPPLY 
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At the firing point this current is suddenly interrupted 
transferring the stored energy to the secondary 
winding and produces output voltage in excess of 
20KV and therefore the spark. 


The fig. 1 power actuator must also limit the current 
to a max of 10A and the voltage on the primary toa 
maximum of about 400V. 

The voltage clamp avoids any damage to the power 
actuator : if the spark plug, for example, is discon- 
nected, the energy stored in the coil is transferred 
back to the power actuator. 


The device described in this paper realizes these 
power actuator functions with a very innovative in- 
tegrated single chip solution. 

THE VIPOWER M1 TECHNOLOGY 


The ViPower M1 structure shown in fig. 2 combines 
a vertical current flow NPN power transistor and a 


Figure 2 : ViPower Technology Vertical Structure. 
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low voltage junction isolated |.C. on the same sili- 
con substrate. 


This is realized inside a diffused p-type well that 
takes the place of a reverse-biased p-substrate of 
conventional ICs and must be connected to the most 
negative supply. 


Asin astandard discrete BJT, the first epitaxial layer 
thickness and resistivity set the Vceo and the 
ruggedness of the high voltage device, the second 
epi growth fixes the features of the low voltage com- 
ponents (up to 100V Vcgo). 


The maximum voltage the power device can with- 
stand is neverthless also dependent on the maxi- 
mum field strentgh at the silicon surface and on the 
n*/p-well parasitic diode breakdown voltage. 
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The high voltage termination of the integrated circuit 
is achieved by a p-diffused resistor in spiral from 
connected between the substrate (power darlington 
collector) and ground. 


DEVICE CHARACTERISTICS 


The device realizes the ignition, power actuator sub- 
system of fig. 1. 


Figure 3 : Device Block Diagram. 
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In the block diagram of fig. 3 the power Darlington 
with its driver and input stage, the current limit, volt- 
age clamp circuitry and the overvoltage protection 
are shown. 


Ra 
VOLTAGE 
REFERENCE 


A TTL/CMOS compatible input signal coming froma 
logic interface, like a microprocessor, determines the 
turn on of the power darlington integrated in the chip. 
The darlington collector current charges the coil li- 


nearly as long as a set level is reached, typically 
6A + 3%, sensed by an internal aluminium emitter 


SC-0261/1 


resistance. 


The voltage drop on this resistor is compared with 
an internally generated threshold (~ 200mV) and 
limits the current, thus controlling the Darlington 
base current until the input signal causes the output 
Darlington to switch off. 
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Photo 1 shows the coil current behaviour together with the corresponding input signal. 


Photo 1 : Collector Current and Corresponding Input Signal. 


The current loop is made by compensated oper- 
ational amplifier ensuring enough precision of the 
set value and hence of the stored energy without re- 
quiring external components. 

The regulation stability is infact mandatory in the car 
ignition system to avoid spurious sparks on the sec- 
ondary coil winding. 

During the current limiting phase, the Darlington col- 
lector voltage reaches the battery voltage minus the 
voltage drop on the coil (due to the primary resis- 
tance). It causes high power dissipation in the power 
actuator which the microprocessor minimizes by de- 
laying the output Darlington switch on. 


Photo 2 : Collector Voltage During Coil Charging. 


Input signal (5V/div) 


Coll. current (2A/div) 


The overvoltage on the power Darlington collector 
during the transition from the coil charging to the cur- 
rent limiting phase is low enough to avoid undesider- 
able sparks. 


At the input signal switch-off the power Darlington 
is immediately turned off and the energy stored in 
the coil is transferred from the primary to the sec- 
ondary winding causing the spark. 


The collector voltage of the power Darlington then 
rises very rapidly and is detected by the spiral resis- 
tor used as the high voltage termination for the chip. 


Coll. volt. (5V/div) 


Coll. current (2A/div) 
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This resistor, used as a divider, is connected to a Photo 3 shows the collector voltage during the 
low voltage zener circuit that turns on the power Dar- clamp in absence of the spark plug i.e. the worst 
lington, holding the collector voltage at a value case for stress on the integrated circuit. 
determined in the chip (~ 400V + 10%) which is less 

than the Darlington VcEo. 


Photo 3 : Voltage Clamp. 


Input signal (5V/div) 


Coll. volt. (100V/div) 


Fig. 4 shows the application circuit for this device. 


Figure 4 : Application Circuit . 


SC-0270 


Two separate pins for the supply : pin 4 and pin 2, (14.1 ~ 3mA). 
are connected to the battery by means of two differ- A picture of the die is shown in photograph 4. 


ent resistors. The device is assembled in a new fully insulated 
Pin 2 represents the supply of the driver with a cur- five-lead plastic power package, ISOWATT 5 and 
rent of up to 200mA. ~ shown in figure 5. 


Pin 4 is the supply for the rest of the circuit 
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Photo 4: The Die. 


ISOWATT 5 


CONCLUSION 


The ignition controller described in this paper com- 
pletely substitutes the existing hybrid solution which 
requires additional components and manufacturing 
processes (i.e. insulating substrates, ink layers, ac- 
tive and special passive devices, laser trimming, en- 


capsulation etc..). This single chip solution leads to 
an intrinsic increased compactness. The sub- 
sequent higher reliability is further enhanced by the 
known advantages of integration. 


Additionally to that a cost reduction benefit through 
this approach is also achievable. 
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NEW LEVELS OF INTEGRATION 
INAUTOMOTIVE ELECTRONICS 


by Riccardo Ferrari , Marco Morelli 


One of the fastest growth areas today in electronics is in the automotive field. In this note the 
authors describe the particular needs of this field and some typical dedicated ICs developed by 


SGS-THOMSON. 


INTRODUCTION 


Since the early seventies, more and more func- 
tions have been added to our cars not only with 
the purpose of guaranteeing a better comfort to 
drivers and passengers, but also to reduce opera- 
ting costs and finally to ensure compliance with 
new regulations concerning noise and pollution 
are concerned. Because of all these needs, cars 
have to house more and more modules designed 
to perform more or less complex operations (Fig. 1). 


This growth makes more and more evident the 
need to reduce the room taken by each module, 
with the double target of minimizing the cost of 
the particular function and increasing the number 
of functions in a specific car; in parallel, by in- 
creasing the number of modules, it becomes 
mandatory to increase the reliability of each of 
them, otherwise the reliability of the total car 
would be badly affected. 


All these issues recently pushed the manufac- 
turers of automotive systems to refer very often to 
producers of integrated circuits asking for the de- 


velopment of monolithic devices capable of re- 
placing effectively a number of discrete compo- 
nents, passive parts included; anyway the trend 
to a total integration is not over by just designing 
onto a simple piece of silicon a complete function, 
but it carries on implementing in the same device 
a number of auxiliary services, that would add a 
substantial cost if achieved by discrete compo- 
nents, that can easily find place on a few extra 
square millimeters of silicon. 


To that purpose the example given by the alterna- 
tor regulator, subject of a specific description in 
the following pages, is particularly enlightening. 
Figure 2 shows briefly the evolution of the alter- 
nator regulator paralleled with the evolution of the 
silicon technology; it is evident that the key issue 
to pursue the monolithic design of very complex 
functions in the automotive environment is the 
availability of process capable to host on the 
same chip high density signal circuitry, together 
with power stages managing currents of several 
amperes; a process with these characteristics is 
usually called “smart power” process. 


Figure 1: Electronics in present and future automobiles. 
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Figure 2: Alternator regulator evolution. 
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TECHNOLOGY OVERVIEW 


Over the years SGS-THOMSON has developed 
various technologies that allow the realization of 
smart power circuits. The simplest way to classify 
these technologies is to refer to the process type, 
which can be purely bipolar or mixed, that is, in- 
cluding on a single piece of silicon both MOS 
structures (of control and power) and bipolar 
structures. 


Figure 3: Integrated DMOS structures. 
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1 OR MORE HV LDMOS DEVICES 
WITH COMMON SOURCE 


Another method (figure 3) is to examine the way 
in which the current flows through the power sec- 
tion; horizontal, with the current entering and 
leaving through the upper surface, or vertical, 
where the current enters through the upper sur- 
face and leaves through the lower surface; for this 
lower connection, instead of wire, the tie bar of 
the package is used. 
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MULTIPOWER BCD/60 vs. BCD6O0II 


Field oxide Tapered oxide Locos + field implant 


VDMOS R on* Area (Q*mm?*) 


LDMOS R on* Area (Q*mm’) 


CMOS thres. voltage (V) 
min. NPN area (mil*) 


The choice of one technology rather than another 
depends on various elements. By simplifying as 
far as possible the criteria, we can say that verti- 
cal technologies can guarantee, for a given area, 
lower resistances but they have the limitation of 
being able to include just one power device per 
circuit (or more than one, but always with the col- 
lectors or drains short-circuited). Horizontal tech- 
nologies instead make it possible to have power 
structures that are completely independent. It is 
therefore evident that a vertical technology will 
give excellent results in the design of a light 
switch, while a horizontal technology will be 
equally well suited to the design of a multiple ac- 
tuator. 


Finally we have to underline that the continuous 
evolution of the silicon technologies has already 
made available, for the design activity, second 
generation processes, offering to the user both 
higher component density in the signal section 


and higher current density in the power area, so - 


that in some cases the limit to achieve very low 
values of resistance does not come from the sili- 
con, but from the bonding wires. An example of 
comparison between a first generation smart 
power technology - today in full industrial produc- 
tion - and a second generation one - today avail- 
able for new designs - is given in Table 1: the 
way iS open to processes that will allow the de- 
sign - on the same chip-actuators - of several am- 
peres together with microcontroller of not negli- 
gible power. 


It is important at this point to underline that a 
smart power circuit does not consist of just silicon 
technology, but relies heavily on package tech- 
nology. In fact it is well Known that a signal device 
is bonded using gold wires with a diameter of 25 
microns; however, gold wires can be used effec- 
tively up to diameters of 50 microns, which allows 
reliable operations with currents up to 2A, pro- 
vided that the wire is surrounded by resin (the 
current capacity drops by 50% for wires in free air 
- that is, in the case of hermetic packages). 


CMOS tr. density (mm) 1500 


min. PNP area (mil?) a: ae ee See 
Number of masks 12/14 13/15 


1 
4 
5 


Figure 4: Mixed bonding technology. 
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Figure 5: Power packages. 


When, however, one has to deal with very high 
currents (more than 5A in single-point injection 
actuators, and more than 10A for window lift mo- 
tors) gold wires are no longer suitable for obvious 
cost reasons so it is necessary to turn to alu- 
minum wires with a diameter from 180 microns to 
375 microns; clearly in this case it will be necess- 
ary to have adequately dimensioned bonding 
pads on the die, with a significant waste of silicon 
area. 


Optimization is obtained with a mixed bonding 
technology where signal pads are bonded with 
thin gold wires and power pads with thick alu- 
minum wires (figure 4). A further optimization is 
obtained by orienting the pads in the pad-to- 
bond-post direction. 


Finally, another key area for a real industrial im- 
plementation of a smart power device is packa- 
ging; SGS-Thomson has a reputation of unparal- 
leled excellence in the development and in the 
production of packaging techniques to meet 
power dissipation even in the presence of high 
pin count, and several innovative SGS-Thomson 
packages have been adopted as worldwide in- 
dustry standards; in Figure 5 several types are 
displayed, including hermetic metal can, particu- 
larly suitable for components, such as the alterna- 
tor regulators, that have to operate at a rather 
high temperature, with junction temperature that 
may exceed 150°C, in an extremely severe envi- 
ronment, since the regulator is usually exposed to 
any kind of dangerous element, such as grease, 
sand, dust, salt water and so on. A quite original 
power package for surface mounting, combining 


a low Rth j-case (less than 3°C) with a small geo- 
metry, is under development in our laboratory. 


THREE EXAMPLES 
THE ALTERNATOR REGULATOR. 


We have already briefly mentioned the evolution 
of the alternator regulator, but it is worth covering 
with some more details the history of this func- 
tion. 


Since the simple realization of so-called mono- 
function regulators by means of discrete compo- 
nents - diodes, transistors and resistors - the pro- 
gress of the technology allowed the design of a 
monolithic component, still monofunction: in par- 
allel, to provide the driver with more information 
about the status of the charging function, multi- 
function regulators were designed, but the power 
remained external, on a separate component. 


A further improvement came with the assembly 
technology on a ceramic substrate, housed in a 
single package, but still several chips of silicon 
were needed. 


Now SGS-Thomson has reached the maximum 
level of integration by designing a monolithic 
multifunction regulator and offering to the cus- 
tomer a device that minimizes the assembly oper- 
ations and maximizes the reliability because of 
the single piece of silicon and the minimum num- 
ber of connections between the silicon itself and 
the rest of the system: nevertheless the accuracy 
of the regulation and the number of possible mal- 
functions monitored by the circuit are well above 
what offered so far by the market. 
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Figure 6: Block diagram of alternator regulator. 


REGULATION e 


The main characteristics of the device are sum- 
marized in Table 2 and the block diagram of the 
circuit is displayed in Figure 6. 

The choice of the technology required a particular 
care and was driven by the following factors: 


1)A circuit for the regulation of the alternator 
voltage, even if equipped with a complex di- 
agnostic, is however a circuit where the 
power section, including the field drive in low 
side configuration and the free wheeling 
diode plus a big active zener diode, takes a 
significant share - about one third of the total, 
(see Figure7); therefore a bipolar process has 
been selected. 

2)On the other side, about 600 small signal de- 
vices had to be integrated, and because of 
that a technology with a good intensity was 
mandatory, otherwise the total economy of 
the program would have been affected. 


3)Finally an alternator regulator must be able to 
withstand very severe voltage transients, as 
fixed by ISO 7637/1, with voltages up to 270V 
and energy up to 50 joule, that arise on the 
car electrical network, for instance, if a sud- 
den misconnection of the alternator occurs. 


APPLICATION NOTE 


Low side configuration 

No external component 

Accuracy on regulated voltage better than 
1% 

Precise temperature coefficient 


a Self-oscillating analog regulation loop 
a Minimized field current at alternator stopped 


(500 mA max) 
Maximum field current trimmed at 5A, with 
1.5V saturation voltage 
Full Diagnostic: alternator stopped 

Broken belt 

Extravoltage 

Broken wire alternator-battery 
Protected against short circuit (current limita- 
tion and thermal shutdown ) 
Protected against short circuit of fault lamp 
driver 
Protected against extravoltages according to 
ISO 7637/1 
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chip; it is an actuator to drive in low side configu- 
SLOW / FAST 


ration the fuel injector in “single point” injection 


system. 
opened, since that time is directly proportional! to 


Let us now consider the U140, another compo- 
nent designed by SGS-Thomson to make avail- 
able to the user a complex function on a simple 
As it is well known, quite essential for a good effi- 
ciency of the injection system is the capability to 
fix in the best way the time while the injector is 


THE PEAK & HOLD INJECTOR DRIVER 


PEAK AND HOLD 


CONTROL 
LOGIC 


DIAGNOSTICS 
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Considering all of the above, SGS-Thomson has 


selected a high voltage process, internally named 
BSOIl, fully bipolar, horizontal, with lithography of 
3um, and more than 100V of breakdown voltage 


in the VCBO condition. 
age, TO-3 multileads, with bonding wires of 5 


mils, able to carry continuous current up to 7 am- 


The device is encapsulated in an hermetic pack- 
peres (see again Figure 7). 


Figure 7: Die of the alternator regulator. 


Figure 8: {Injector driver. 
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Figure 9: The injector drive is totally autonomous in fixing the current levels in the different phases, as 


a” N 


the quantity of fuel transferred to the intake man- 
ifold. 


Particularly important to fix the fuel volume are 
the opening and the closing time of the nozzle, 
since both must be extremely fast; now, a single 
point injector needs a consistent current in the 
opening phase - up to 5A at the “PEAK” - but 
once opened, less current is enough to maintain 
the status - “HOLD” -. At the end of the cycle, fi- 
nally the driving current must be switched off in a 
time as short as possible. The U140 meets all the 
above mentioned requirements: in addition, in the 
“HOLD” phase a further reduction of the current is 
achieved by switching on and off the driver stage 
(Figure 8), so reducing the power consumption 
and, as a consequence, the junction temperature. 


A special mention shall be paid to the transition 
from “HOLD” to the “OFF” condition; as already 
said, it is quite important to reduce as much as 
possible this time; in the U140 that is achieved by 
discharging the inductor through an active zener 
set at a quite high voltage (about 70V), and that 
guarantees the closing of the injector in less than 
50 sec. The same diode is set at 3V in the HOLD 
time. No external component is required by this 
circuit, that interfaces directly the microcontroller 
of the engine management system; by the way, 
the microntroller has just to fix the start and the 
end of the injection time, since the U140 is totally 


well as the sampling of the holding current. 
i . . 


autonomous in fixing the current levels in the dif- 
ferent phases, as well as the sampling of the 
holding current. (Figure 9). 


The device incorporates a very sophisticated di- 
agnostic (see again Figure 8), and transfers to the 
microcontroller all the relevant information on 
the status of the load. 


The advantages of this monolithic devices are 
quite evident, if compared with existing solutions 
which need not less than 15 components includ- 
ing at least one IC and two discrete transistors, 
but are not limited to cost and room reduction, 
and to a consistent increase of the reliability: as a 
matter of fact the monolithic design allows to get, 
practically at zero cost, a very accurate value of 
the voltage of the recirculation diode, improving 
the accuracy on the ON time of the injector, and, 
last but not least, a diagnostic covering all the 
possible failure modes of the load. 


The circuit is realized with SGS-Thomson’s BCD 
technology, a mixed process including Bipolar, 
CMOS, and DMOS structures on the same chip; 
the input section is therefore able to interface di- 
rectly a microcontroller, and the low side driver is 
designed with a DMOS having an Roson of less 
than 0.5 ohm. As already explained the recircula- 
tion diode is set at 70 volt in the transition from 
HOLD to OFF; because of that we selected the 
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Table 3: MONOLITHIC PEAK AND HOLD INJECTOR DRIVER 


Low side configuration 
Peak current function of battery voltage to provide a constant charging time 
Fast recirculation voltage independent from battery voltage 


Slow recirculation at max 3V 


Off time and peak current in hold condition internally fixed 


Full diagnostic: - open load 


- short circuit to ground and battery 


- thermal warning 


BCD100, an option with a minimum breakdown 
Drain-Source voltage of 100V. 


All the main features of this innovative device are 
listed in Table 3. 


REARVIEW MIRROR DRIVING 


While we are on the subject of higher levels of in- 
tegration it is useful to mention the development 
of circuits for the multiplex wiring system, which 
replaces conventional cabling with a common bus 
and “intelligent” switches. 


The intelligent switch circuits are key components 
for the multiplex system, and one of these is a 
multiple driver IC,the L9946, developed by SGS- 
THOMSON for rearview mirror driving applications. 


This IC integrates all of the control functions and 
power circuits needed in the electronic external 
rear-view mirror unit now being adopted for high 
end cars and is the first chip to integrate these 
functions. (see Figure 10). 


Figure 10: Block Diagram of the L9946. 


An important feature is that the IC is controlled di- 
rectly by a microprocessor — all of the possible 
drive conditions are controlled by loading 4-bit 
commands and the L9946 generates the appro- 
priate motor control signals. 


No external power circuits are needed because 
the L9946 drives directly the two motors used for 
mirror orientation (up/down and left/right), the 
motor that “folds” the mirror for maneuvering and 
the demister heating element. In a typical applica- 
tion the chip is used in multiplex door wiring sys- 
tem where the door is connected to the body by 
three wires and all door functions controlled re- 
motely using smart chips. 


Inside the chip are four DMOS half bridge power 
stages which drive the three bidirectional DC mo- 
tors, plus a DMOS high side driver that drives the 
demister element. Control logic integrated on the 
chip decides how these transistors are to be 
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Table 4: MULTIPLE HALF-BRIDGE DRIVER 


4.75A TOTAL OUTPUT CURRENT 


VERY LOW CONSUMPTION IN OFF STATE 


OVERLOAD DIAGNOSTIC 
OPEN LOAD DIAGNOSTIC 
GROUNDED CASE 


switched to achieve the desired motion — includ- 
ing rapid braking. Two of the half bridges are 
rated at 1A output current; the other two half 
bridges and the high side driver are capable of 
delivering up to 4.75A. 


In common with many other dedicated automotive 
ICs the L9946 incorporates diagnostic functions. 
Conditions such as overload and open load are 
signalled to the control micro so that appropriate 
action can be taken. In addition there is a standby 
pin that allows the micro to put the L9946 into a 
dormant state when it is not needed. 


CONCLUSIONS 


We think we have demonstrated that the indus- 
trial availability of processes capable to match, on 
the same silicon, high power and complex control 
functions is the key element to the integration of 
completed functions on a single chip of silicon. 
The examples described demonstrate that SGS- 


Thomson has developed a technology portfolio 
that can offer different answers for different appli- 
cations, always optimizing the trade-off among 
the various needs. 


On the other side, all the above considerations 
would have a merely academic interest if they 
were not associated with a convenient cost. It is 
clear that the monolithic integration of complex 
functions implies the use of not negligible areas 
of silicon, and that even in presence of high den- 
sity processes. 


It is therefore important to devote adequate re- 
sources to the diffusion technique, to increase the 
yield of each process. 


Today’s chips, up to 30mm? (and all the thee 
examples are below that limit) can be produced at 
prices competitive with an equivalent discrete sol- 
ution, and in the second half of the 90’s the target 
will be expanded up to areas of 40mm°, giving a 
green light to the monolithic design of complete 
modules. 
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HIGH CURRENT MOTOR DRIVER ICs 
BRING AUTOMOTIVE MULTIPLEX CLOSER 


by Riccardo Ferrari & Sandro Storti 


Smart power ICs delivering up to 25A complete the family of power components needed in auto- 
motive multiplex systems, making it possible to drive even a windowlift motor directly. With these 


ICs the large-scale adoption of partial multiplex schemes moves much closer. 


One of the essential prerequisites for the large- 
scale introduction of multiplex wiring systems for 
vehicles is the availability of high power ICs ca- 
pable of driving lamps, motors, solenoids and re- 
lays. These ICs must be able to survive in an ex- 
ceptionally hostile environment, they must be 
highly reliable and — since so many are needed 
in each vehicle — they must be inexpensive. 


Many power ICs suitable for this emerging market 
have already been introduced, but a gap was left 
at the high current end of the range, where !Cs 
delivering 20A or more are needed to drive loads 
like windowlift motors. 


Today SGS-THOMSON has filled this gap with 


new power ICs that exploit technologies that 
make it possible to build very high current ICs that 
are both reliable and economical. Two such ICs 
are the L9936 half-bridge motor driver and the 
L9937 full bridge motor driver. 


The L9936 (figure 1a) contains a half-bridge cir- 
cuit capable of delivering 20A dc current, which is 
sufficient to drive directly a windowlift motor. 
Since the motor is bidirectional two of these de- 
vices are used to make a complete drive stage. 
Designed for lighter loads, the L9937 (figure 1b) 
contains a full bridge delivering up to 6A con- 
tinuous (172A peak for starting). A single L9937 
device drives a bidirectional dc motor. 


Figure 1a: Capable of delivering 25A, the L9936 half bridge driver is a smart power IC suitable for 
driving windowlift motors in automotive multiplex wiring systems. 
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Figure 1b: A full bridge driver, the L9937 delivers 6A (10A peak) and is used in motor driving 
applications such as doorlock driving. 


D 
E 
Cc 
Q 
D 
E 
R 


Both of these ICs are fabricated using an en- 
hanced bipolar power process and a new mixed 
bonding technology. Bipolar technology has been 
adopted for these circuits — rather than the 
“BCD” mixed bipolar/CMOS/DMOS. technology 
used for other multiplex switches — for several 
reasons. First of all, when very high currents are 
involved the resistance of the silicon is no longer 
dominant — half of the series resistance is 
caused by the metallization tracks on the surface 
of the chip and the bonding wires. Consequently 
there is nothing to be gained by using DMOS 
technology to further reduce the output transistor 


resistance. Figure 2 shows the contributions to 
the saturation resistance of a power NPN transis- 
tor in the BHP20 process used for these ICs. The 
use of thick metal (6 microns) significantly re- 
duces voltage drop with high load currents in this 
technology. 


Another reason for using bipolar technology is 
that the substrate currents generated in the sub- 
strate when 20A load current recirculates would 
affect low-level CMOS logic. In the L9936 and 
L9937 high-level bipolar logic is used in the con- 
trol stages to avoid this danger, giving excellent 
noise immunity. Interfacing to this high-level logic 


AUTOMOTIVE MULTIPLEX WIRING SYSTEMS 


Multiplex wiring is the system where a conventional wiring harness is replaced partly or completely by 
a single, common bus which carries power and control signals throughout the vehicle. Each load is 
equipped with an electronic switch that recognizes commands on the control bus and returns status 
information. 


There are many different standards for the multiplex bus, of which the simplest is a three-wire 
scheme having one wire for the battery, one for control data and a common ground. Extra wires are 
sometimes added for more reliable transmission. 


In a typical operation sequence, such as turning on a lamp, the control switch will cause a suitable 
command to be transmitted on the bus. The smart switch controlling the lamp will recognize the com- 
mand and attempt to turn on the lamp. A signal indicating successful or unsuccessful completion is 
then returned on the bus. 


Advantages of multiplex wiring are weight reduction, easier assembly, greater reliability and simpler 
fault diagnosis & repair. The simplicity of multiplex wiring is particularly important in critical points such 
as the connection between the driver's door and the rest of the body; in one case 27 wires were re- 
duced to just three by the adoption of a multiplex subsystem. 


Crucial to the success of multiplex wiring is the availability of electronic switches that can guarantee 


the necessary reliability and performance. Multiplex wiring is already used in small scale trials and will 
be adopted on volume produced vehicles in 1991. 
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Figure 2: In very high current ICs the voltage drop of the metallization and the bonding wires becomes 
significant. This example, a power transistor realized with the BHP20 process (used for the 
L9936 and L9937) indicates typical values. Because of this problem it is more important to 
optimize the metal resistances than that of the silicon. 


POWER NPN 
ISOLATED AREA = 5.7 mm? 


MAXIMUM CURRENT = 20A 
R SAT = 30 mQ) 


CONTRIBUTION TO R ,,;: 
e WIRES 6 mQ 
° METAL 10 mQ 
e SILICON 14 mQ 


THIS IS OBTAINED BY: 
e USING DOUBLE METAL 
THICKNESS (0.7 + 5 um) 


is performed in the bus interface chip which will the power ICs. 
be placed between the L9936/7 and the multiplex The mixed wire bonding technology used in the 
bus. Since these interface chips are system de- new ICs is clearly visible in the photo, figure 3. 


pendent they are always developed for a specific Because of the high current it is not possible to 
application, rather than being standard parts like use the standard thin gold wires employed in 


Figure 3: The mixed bonding technology used in the L9936 — shown here after bonding but before 
encapsulation — reconciles the conflicting requirements of current and silicon area. Thick 
aluminum wires are used for the power connections; thin gold wires for the signal connections. 
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standard ICs. Thick gold wires are out of the 
question, partly because of cost, but also be- 
cause they are too rigid to bond to the chip with- 
out damaging it. 


One alternative, widely used in simple power ICs, 
is to use thick aluminum wires. However, a thick 
aluminum bonding wire needs a large bonding 
pad on the die. In a simple device like a 3-termi- 
nal regulator this is not a problem because there 
are few such pads, but for more complex ICs with 
eight or more connections the wasted silicon area 
would be excessive. 


Another alternative, still used by some com- 
panies, is to use two or more thin gold wires in 
parallel for each power connection. This solution, 
however, is costly because more gold wire is 
needed and it is prone to reliability problems be- 
cause it is extremely difficult to verify each bond. 
Moreover, for the currents used in multiplex appli- 
cations so many parallel wires would be needed 
this method would be totally impractical. 


SGS-THOMSON has developed and _indus- 
trialized a different solution: a mixed bonding 
technology where thin gold wires (50um) are used 
for signal connections and thick aluminum wires 
(250um) are used for power connections. The two 
bonding wire types can be clearly seen in figure 
3. Note also that the bonding pads for the alu- 
minum wires are oriented in the direction of the 
wire to avoid needless waste of silicon area. 


Because gold and aluminum are bonded using 
different techniques this has necessitated a two- 
step bonding operation. Moreover, because of the 
combination of different bonding metals the lead- 
frame has to be plated with a special gold alloy. 
This plating is selective, being applied only to the 
bond area, partly for economy and partly to avoid 
gold on the external leads, which could contami- 
nate soldering baths, causing reliability problems 
on PC boards. 


Different bonding techniques are used to weld the 
two types of wire to the surface of the chip. For 
the thin gold wires the thermosonic method is 
used where an electric discharge first creates a 
small ball on the free end of the wire; this ball is 
then pressed onto the bonding pad and vibrated 
rapidly (in the ultrasonic range), causing the gold 
ball and silicon surface to weld together. 


The thicker aluminum wires are bonded using the 
simpler ultrasonic method, where the wire is sim- 
ply pressed onto the surface of the chip then vi- 
brated rapidly to weld the wires to the pad. Be- 
Cause more vigorous vibrations are used in this 
technique the aluminum wires are bonded first, 
followed by the gold wires. 


To guarantee automotive-level reliability the 
bonds are pull tested on a sample of parts. In this 
test the wires are pulled to determine their break- 
ing strength. Gold wires must resist a force of at 
least 15g; aluminum wires must resist a pull of 


Figure 4: After molding and cropping the finished 
part looks like this. This eight-lead 
version of the Multiwatt package — 
first developed by SGS-THOMSON in 
1979 — has wider lead spacing to suit 
the large high current PCB tracks. 


130g. Moreover, the wire must break leaving the 
bonds intact — if a bond detaches before the wire 
breaks the part fails the test. 


The L9936 is housed in a new eight-lead version 
of the successful Multiwatt package, originally de- 
veloped by SGS-THOMSON in 1979 (figure 4). 
This version has eight leads in line at 0.1" 
centers, rather than the usual two rows of leads. 
This makes the Multiwatt-8 package suitable for 
very high current devices where wide PCB tracks 
are needed. An 11-lead Multiwatt package is 
used for the L9937. 


The new package also has a larger die flag — to 
accommodate today’s large chip sizes — which 
has necessitated the addition of new antistress 
features in the frame design. These features en- 
sure a dependable adhesion between frame and 
resin — essential for humidity resistance — and 
isolate the die flag mechanically from the external 
tab to ensure that the die is not damaged if the 
tab is deformed during mounting. 


In a typical application both the L9936 and L9937 
are used with a customer specific interface chip 
which handles bus interface and protocol! hand- 
ling functions. Two different approaches at the 
system level are used today (figure 5). In the first 
case each load has its own interface, connected 
directly to the multiplex bus. An alternative is to 
combines several load units into a single module; 
this approach is very attractive in situations like 
door multiplex where there is a high concentration 
of loads in a distinct and fairly compact assembly. 


Figure 6 shows a generic door multiplex solution 
of the second type, illustrating the role of the new 
high current bipolar driver ICs. In this example an 
L9937 drives the door lock motor, two L9936’s 
drive the windowlift motor, a VNO2 high side 
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driver IC drives a hazard warning light (the light 
on the edge of the door that turns on whenever 
the door is opened) and an L9946 multiple half- 
bridge IC drives the three rear-view mirror motors 
(two for mirror adjustment and one for “folding” of 
the whole mirror unit for car washes and so on) 
and the mirror de-icing heater. All of these inte- 
grated circuits are available today. 


APPLICATION NOTE 


Pure bipolar technology is used only for the very 
high current ICs. For all of the other parts a mixed 
bipolar+CMOS+DMOS_ technology has been 
chosen because of the higher efficiency of DMOS 
power stages and because it allows the integra- 
tion of complex parts. The L9946 multiple half 
bridge, for example, has a four high power half 
bridges plus a microprocessor interface all on the 


Figure 5: Two approaches are being used for multiplex systems. In the first each load has its own bus 
interface; in the second loads are grouped together and share a common electronics module. 
This approach is used in door multiplex systems, where the loads are all close together and 
multiplex wiring used primarily to reduce the number of wires passing from the body to the 
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Figure 6: A typical door multiplex solution will use a mixture of high current bipolar power ICs and BCD 
power ICs. Solutions of this type will be on production models in 1991. 
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A SOLID STATE BLINKER 


FOR AUTOMOTIVE APPLICATIONS 


by Sergio Ciscato 


Using dedicated power ICs today it is possible to make a car blinker circuit without relays. The 


benefits are simpler cablinng and better reliability. 


Present car direction indicator system generally 
use a dedicated integrated circuit as the SGS- 
THOMSON L9686 in conjunction with a relay to 
control the flashing of the lamps. A high current 
electromechanical switch is necessary to turn on 
the right or the left direction indicator lamps; to 
provide the emergency blinker feature a 3-pole 
power switch is needed too (see Fig. 1). 

The first disadvantage of this system is the high 


Figure 1: Traditional System 
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number of power connections between the mas- 
ter module and the switches; in addition, the high 
currents flowing through the switches and across 
the relay contacts decrease their lifetime and con- 
sequently the reliability of the system. 

Thanks to smart power devices is is possible to 
implement a solid state car direction indicator 
system (see Fig. 2), that solves these problems. 


Figure 2: New Solid State System 
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CIRCUIT DESCRIPTION 


The control device in the system described here 
is the L9686, but the relay is replaced by two 
L9821 High Side Drivers; this device delivers up 
to 25A peak output current with Ron = 100mQ, 
short circuits and thermal protection. 


When a power devices is turned on, the local 
supply voltage can drop several volt below its 
nominal value because of the line inductance. 
This voltage drop could cause disturbances to the 
control logic that in some cases could produce 


Figure 3: Rising Edge of the Output Current 
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Figure 4: Falling Edge of the Output Current 
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undamped oscillations on the suplly line itself. 

To avoid these oscillations and to prevent EMI 
disturbances, the L9821 was chosen as the 
power device in this applications because of a 
feature that limits the output current slew rate 
(di/dt) during the switching edges. 

Fig. 3 and Fig. 4 show the rising and the falling 
edges of the output current of an L9821 device 
loaded with two 21W lamps; the current level in the 
first case is higher than in the second one because 
of the inrush current of the bulbs (see Fig. 5). 
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Figure 5: Output Current Waveform 
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Fig. 6 shows the complete schematic diagram of 
the master module: when $1 is closed (left or 
right) the L9686’s internal oscillator starts and pin 
3 goes high; then the input voltage of one of the 
two L9821 devices goes high too, resulting in the 
lamps switching on. After a time equal to half of 
the oscillation period pin 3 of the L9686 returns 
low and the lamps are threfore switched off. The 
flashing cycle stops and the circuit is reset to the 
initial conditions when $1 is open. 

The flashing frequency depends on the external 
ee aes and C1 according to the following 
ormula: 


Fn = 1/ (1.5 x R1 xC1 (typ.) 


R3 and C2 provide hysteresis to avoid spurious 
switching of the oscillator comparator at every lamp 
turn on; this hysteresis is not necessary if the 
L9686 is used in conjunction with a relay, because 
of the relatively long delay time of this last one. 
Rshunt senses the current flowing in the right or the 
left lamps (depending on the S1 position): when 
one of the lamps is defective the voltage drop 
across Rshunt iS reduced to a half and the failure is 
indicated by doubling the flashing frequency. S2 
allows the emergency blinker function: when it is 
closed the L9686 device drives, through the diodes 
Di and D2, both the L9821 smart switches and 
then both the right and the left lamps. 


The emrgency blinker operation is monitored by 
the flashing of both the dashboard lamps L1 and 
L2 while in normal operation only L2 flashes. 


OVERVOLTAGE PROTECTION 


An L9821 device can withstand up to 60V load 
dump transient. If a centralized overvoltage pro- 
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tection is not provided on the alternator it is 
possible to increase the load dump capability of 
this application by placing a dedicated protection 
device, such as a Transil, between the supply 
voltage and the ground terminals. This transil 
must withstand the double battery, a condition 
often requested for the automotive equipment, so 
a good choice is a device with at least 26V break- 
down voltage. The same protection device allows 
the described application to withstand all the other 
voltage transients. If a centralized load dump pro- 
tection device is already present on the alternator a 
small protection zener diode is sufficient to clamp 
the low energy overvoltage transients due to the 
disconnection of the several loads in the car. In this 
case the breakdown voltage of the local protection 
device must be higher than the clamping voltage of 
the centralized diode. 


ADVANTAGES 


Fig. 2 shows a possible wiring diagram of the de- 
scribed system in a car; the master module has 
10 connections, compared to the four of the con- 
ventional system showed in Fig. 1, but from the 
comparison between the two possibilities we can 
see some advantages: 


centralized wiring at the master module 

less power connections 

less power wire length 

no power switches 

no multipolar switch for the emergency blinker 
short circuit protection between the lamps and 
ground 


a inrush current limiting of the smart switches in- 
creases the lamps lifetime 
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REAR MIRRORS MULTIPLEXING USING L9946 


by L. Valsecchi & S. Vergani 


The application of the L9946 device in a real-world automotive multiplex system is described. 
After a brief introduction to the multiplex concept, the hardware and software key points are dis- 


cussed. It turns out that L9946 is very well suited for this kind of relatively complex applications. 


THE MULTIPLEX CONCEPT 


In this section a brief introduction to the basic 
multiplex (MUX) concepts is given. Generally 
speaking, a MUX is composed by a number of 
units connected through a serial bus. There is a 
set of meaningful serial messages and each unit 
can recognise a subset of messages relevant to 
it. Once a relevant message is received, the unit 
performs an action according to the information 
contained in the message. Usually an acknow- 
ledge technique is used, so that a bidirectional in- 
formation flow between units can be established. 
It is possible to draw a rough distinction between 
MUX systems based on the communication 
Strategy. In increasing complexity order, a MUX 
can be classified as follows. 


1) MASTER-SLAVE: 


One unit is qualified as master unit, and it is the 
only one that can autonomously start a trans- 
mission. The other units (slaves) can transmit 
only after the reception of a message out of a 
defined set. 


2) QUASI MULTI-MASTER: 


As before, one unit acts like a master, but some 
slave units can start an autonomous transmission 
to the master. This happens usually when a signi- 
ficant event has occurred (e.g. a key has been 
pressed).However, the slave units cannot com- 
municate each other directly. The messages flow 
is under the total control of the master unit. 


3) MULTI-MASTER: 


Every units can commuicate each other, and 
there is no more a well defined master unit.In fact, 
the control, at a given time, is owned by the unit 
currently autonomously transmitting. 


The format of the serial messages, as well as the 
characteristics of the physical interface of the bus 
line are defined by a series of rules called the 
PROTOCOL SPECIFICATION. These rules also 
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define in details the behaviour of the transmitting 
and receiving units when a situation of bus con- 
tention (i.e. when two units try to access the bus 
simultaneously) occurs. 


The ISO (International Organization for Stand- 
ardization) has standarized, at various levels, 
three protocols called CAN, VAN, J1850. This 
means that documents exist as a reference to 
achieve the compatibility between two systems 
using the same protocol. 


In fact, especially for slow speed data bus, cus- 
tom protocols have been developed. 


There are definite advantages in using a MUX 
system in the automotive field. First, the number 
of wires required to perform the same functions is 
dramatically reduced. For example,with the MUX 
approach, to connect a keyboard unit to other 
units such as window lift motor control, rear mirror 
control etc., only three (or four if a differential bus 
is used) wires are required, independently of the 
number of keys or motors used. This leads to a 
reduction of costs of the harness of the vehicle. 


Flexibility is another feature common to well de- 
signed multiplex systems. 


The multiplex architecture allows a high degree of 
freedom in the choice of the physical location of 
the units inside the vehicle. For example, as long 
as the serial bus line is provided, a control key- 
board can be placed indifferently in the door or on 
the dashboard without changing the vehicle wir- 
ing. 

Furthermore, if a certain computational power (i.e. 
a microcontroller) is located in the peripheral 
units, the functional behaviour of the whole sys- 
tem can be defined by software so that upgrad- 
ing and modification can be accomplished without 
changing the hardware. 


Also, a sophisticated diagnostic strategy can be 
implemented. Usually one or more units collect di- 
agnostic information that can be read by a tester 
connected to the system when a car technical as- 
sistance is required. Such a tester generally in- 
cludes a menu driven diagnosis procedure, lead- 


1/8 


841 


APPLICATION NOTE 


ing to easier fault detection and thus to shorter re- 
pair time. 


REAR MIRRORS MULTIPLEX SYSTEM 
INTRODUCTION 


The application described here is an example of 
how the L9946 can be used as a mirror controller 
in a MUX system. 


To explain in all the details a MUX system design 
is beyond the scope of this application note. How- 
ever, the key points in hardware and software de- 
sign will be discussed in depth. 


GENERAL DESCRIPTION 


This MUX is composed by a keyboard unit, a left 
mirror unit and a right mirror unit. 


The electronics is intended to be placed inside 
the external rear mirror case, and inside the 
physical keyboard. To achieve this, when 
possible, devices available in small SO package 
have been chosen. In this way, using surface 
mounting technique, very compact PCB layout 
can be obtained. 


The three units are connected through a differen- 
tial bus. 


Including power supply line and ground return, 
only four connection wires are required, obtaining 
a substantial saving compared to the traditional 
solution, that requires eight wires. 


The system block diagram is shown in fig. 1. 
The functions implemented are: 


Figure 2: Mirror Unit Block Diagram 


| Ubat e——Mo>—1 pROTECTION 
IGNITION 


KEY 


N3S2ZAN455-@5 


2/8 


Figure 1: System Block Diagram 
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- mirror plate movements 

- open / fold 

- wiper 

The commands available are activated by 6 push 
buttons located in the keyboard unit. 


An additional three-way selector allows to switch 
between the left or the right mirror. When this se- 
lector is in its central position, the only function 
available is a simultaneusly mirror open/fold 
movement. 


MIRROR UNIT DESCRIPTION 


The block diagram of the mirror unit is shown in fig. 2. 
The schematic diagram of the mirror unit is shown 
in fig. 3. 

The only difference between the left and right mir- 
ror unit is the position of a jumper that configures 
the address of the unit. 
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APPLICATION NOTE 


In the following sections the main functional 
blocks are described. 


Protections 


The units must be protected against a number of 
possible anomalous voltages on the power supply 
line coming from the battery. 


This anomalous conditions are: 
1) Reverse battery 

2) Load dump 

3) Short negative spikes 


Voltage Regulator (L4949) 


This device provides the five volts necessary for 
the microcontroller and to the bus line interface. It 
also provides to the microcontroller the correct 
power on reset signal. 


Microcontroller (ST6210) 


The microcontroller (uC) choosen for this applica- 
tion is the ST6210 (1K8 EPRPOM, 64 bytes 
RAM).This is a 20 pin device, available in SO20 
package. The ST6 family is intended for low-me- 
dium complexity applications. 


The heaviest task for the uC in this, or similar, ap- 
plication is the protocol handling, i.e. the recep- 
tion and the transmission of the serial messages 
on the bus. 


Due to the low computational power and speed of 
this uC, the protocol was chosen to be relatively 
slow (3.3 kbits/sec) and the bit encoding was 
chosen in such a way that the decoding algorithm 
is tailored to optimize the hardware uC resource 
usage. 


In this case the uC also drives the L9946 and pro- 
tects it against overcurrent and/or overtempera- 
ture reading back the dignostic signals DG1 and 
DG2. 


Figure 4: Keyboard Unit Block Diagram 
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Mirror Actuator (L9946) 


The L9946 in this application is used to drive the 
four mirror motors: two for the plate movements, 
one for the open/fold movement and one for the 
wiper motor. In this particular application the 
wiper can be driven by the high-side driver 
thanks to a mechanical solution built into the mir- 
ror that performs automatically the wiper alterna- 
tive movement. 


Bus Line Interface 


This is the circuitry that realize the physical inter- 
face between the unit and the bus line. Since the 
functioning of the whole system relies on the cor- 
rectness of the exchanged messages, the bus 
line interface must be designed very carefully. A 
complete discussion of the needed design criteria 
is far beyond the scope of this application note. 


A list of desirable features is: 

a) High noise rejection 

b) Line faults (short to GND or VCC, wire cut) 
detection and real time recover. 

c) High RF noise immunity 

d) Low RF emission 


The solution implemented here is a differential bus 
line driven by two complementary MOS devices. 


The passive components around the MOS polarize 
and protect the devices against shorts, spikes and 
negative voltages applied to the bus lines. 


Capacitances placed on the bus lines filter out RF 
noise, also reducing the bandwidth of the bus chan- 
nel in order to avoid too sharp edges during bus 
transitions, i.e. RF emission and subsequently 
possible interferencies with other equipment (dash- 
board instrumentation, car radios etc.) 


The three comparators in the RX section allow a 
full fault detection and recovery. This means that 
transmission and reception can continue also if 
one line is shorted to GND or Vcc or cut. 
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KEYBOARD UNIT DESCRIPTION 


The block diagram and the schematic diagram of 
the keyboard unit are shown respectively in fig. 4 
and fig. 5. 


Many blocks in the architecture of this unit are 
very similar or identical to those used in the mirror 
unit. 


This blocks are protections, voltage regulator and 
the bus line interface. The uC used is the same 
adopted in the mirror units. 


A 4X 2 matrix-organized keypad is connected to 
the unit. The schematic diagram of the physical 
keyboard is shown in fig. 6. 

Since the physical keyboard rows and columns 
are directly connected to the uC pins, it must be 
placed very close to the electronics to avoid in- 
duced noise. A software debouncing strategy has 
Figure 6: Keyboard Schematic Diagram. 
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A MIRROR 


been implemented so that a key transition is vali- 
dated only if the new state has been stable for at 
least fifty milliseconds. 


SOFTWARE DESCRIPTION 
Introduction 


Two different programs have been written, one 
for the mirror units and one for the keyboard unit. 
The software was developed using the ST6 hard- 
ware emulator, and the ST6 macroassembler and 
linker. The mirror unit and keyboard unit pro- 
grams are respectively about 1340 and 1280 
bytes long. The main difficult in this software de- 
velopment was to overcome the uC limitations 
(using some software tricks) without affecting the 
overall program’s readability. 
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Mirror Unit’s Software Description 


The software developed for this unit can be 
divided, at the functional level, into 3 main sec- 
tions. 

1) PROTOCOL HANDLER SECTION 


This routines perform the serial bus message re- 
ception and transmission. 

The reception procedure starts when a valid SOM 
(see BUS PROTOCOL DESCRIPTION para- 
graph) is detected. The reception ends success- 
fully when the following conditions are obeyed: 


a)Ten correct bits (i.e. with the right timing 
between two edges) are decoded. 


b)The received checksum field matches the 
checksum calculated upon the preceding 
eight received bits. 
If an error occurs, the reception is aborted and 
the unit starts to wait for a new valid SOM. 
The transmission routine starts when the unit 
must send a message on the bus line. The ST6 


timer is used to obtain the desired time between 
the edges. 


2) MESSAGES DECODING AND ACTUATIONS 


This section performs the message decoding and 
the actual driving of the L9946. 


Once a correct message is received, the mirror 
unit compares the received address field with its 
own address. If they are equal, the data field of 
the message is decoded and the corresponding 
action or series of actions are undertaken. 


The data fields recognized by the mirror units and 
their meaning are: 


01110 : wiper on 

10000 : wiper off 

01010 : fold/open 
00010:up movement 
00100 : down movement 
00110 : left movement 
01000 : right movement 
10010: stop motors 


Immediately after the action has started, the mir- 
ror unit transmits an acknowledge message to the 
master unit (i.e. the keyboard unit). This message 
is the echo of the acknowledged reception. 


3) L9946 PROTECTION 


The L9946 DG1 and DG@2 pins are connected to 
uC interrupts lines so that a fast switch off is ex- 
ecuted when an overcurrent or an overtempera- 
ture occurs in the device. 
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Keyboard Unit Software Description 


In the sotfware for this unit the protocol handler 
section is the same code used in the mirror units. 


The keyboard units acts like the master of the 
system. 


The matrix keyboard is scanned every five milli- 
seconds. If no key status variation is detected, 
every fifty milliseconds a stop message is sent to 
the slave units as a polling. The slave units 
should answer to this messages. If this is not the 
case, the master unit knows that one or both 
slaves are disconnected or broken. 


When a key is pressed, a debouncing procedure 
is started. If the pressure remains at least for fifty 
millisecond the corresponding command mess- 
age is sent to the unit selected by the position of 
the three-way selector. 


If this selector is in its central position, only the 
fold/open command is enabled, and the sub- 
sequent command is sent to both slave units. 


The keyboard unit keep sending the command 
until the key is released. Then, the normal no- 
operation polling is executed. 


BUS PROTOCOL DESCRIPTION 
1. GENERAL 


The information between the units is passed in 
messages transmitted serially on the bus con- 
nected to all the units. 


When the bus is in the idle state, i.e. no message 
is transmitted, its state is called “passive state”. It 
is driven in the “active state” by a transmitting unit 
at the start of a message for the “start of mess- 
age” time.The state is passive for the first (most 
significant bit) information time, active for the next 
bit time and so on until the message is finished 
(terminated) in the passive state. The value of the 
bit is determined by the time elapsed between 
two consecutive transition of the bus state. This 
bit encoding is called VPWM (variable pulse width 
modulation). 


2. MESSAGE SYMBOL WAVEFORMS 


The following sections show the nominal timing 
requirements of the VPWM message simbols 
generated by the software protocol handler as 
they appear on one wire of the bus. On the other 
bus wire the signal is inverted. 


2.1. START OF MESSAGE 


This symbol appears at the start of every mess- 
age when a transmitter drives the bus in the ac- 
tive state to start the message. 


“SOM” 
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2.2. DATA BIT 


Each data bit is represented by the time between 
two consecutive transitions. These are both 
passive and active bit states that are used alter- 
nately. 


2.2. ‘“O" BIT 
The two “O" bit waveforms are: 


"go" 
460usec 
or 
266usec 


NIZAN455-G2 


2.3. “1" BIT 
The two “1" bit waveforms are: 


has al 
266usec 
or 
40Gusec 
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3. MESSAGE FORMAT 


A message consists of a start of message (SOM) 
field, an address (ADR) field (3 bits), a data 
(DATA) field (5 bits) and a checksum (CHk) field 
(2 bits), for a total of 10 bits transmitted. 


With the timing given in the above sections, the 
average transmission bit rate is 3.3 Kbps. 


The SOM is the signal on wich every receiving 
unit starts the reception procedure. 


Once a successful reception has been completed, 
the DATA field is decoded and the related action 
undertaken only if the ADR field matches with the 
wired address assigned to the receiving unit. 


The CHK field is a way to detect some type of er- 
rors occurred during the DATA field bits trans- 
mission. During the reception procedure, a check- 
sum value is calculated, and the reception is valid 
only if this value is equal to the contents of the re- 
ceived CHK field. 


The algorithm used to calculate the checksum is 
the following. 


a) Count the number of “1” bits in the DATA and 
ADR fields. 


b) Take the two less significant bits of this num- 
ber. 


c) Complement these bits. 
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6A DOOR LOCK MOTOR DRIVER FOR AUTOMOTIVE 


by Stefano Vergani 


An application of the L9937 device (Full Bridge Motor Drive) is described. The interface between 


the L9937 and aC is discussed. A complete protections circuitry description is also given. 


Figure 1. 
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The L9937 device is a full bridge for bidirectional 
motor driver applications realized in bipolar tech- 
nology; it can deliver up to 6A output current with 
low saturation voltage. 

Two diagnostic informations are provided to moni- 
tor overload conditions and the internal tempera- 
ture, and the device is assembled in the MULTI- 
WATT-11 package with the case connected to the 
ground terminal. 

The L9937 is particularly suitable to drive bidirec- 
tional DC motors in pC based systems. 

Fig. 1 shows a possible application circuit, with an 
analog interface between the power devices and 
the uC. 
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In the following, the functions of each block of the 
analog interface are described. 


1 - Overvoltage And Reverse Battery Protection 


L9937 is particularly suitable to drive the door 
lock motors in automotive applications. Fig. 2 
shows the circuit schematics; due to the hostile 
automotive environment, it is necessary a transil 
(Suggested type LDP24A) between Vp and GND, 
to protect the L9937 against overvoltages higher 
than 50V. The diode D1 suggested type BY239- 
200A) supplies the voltage VD necessary for the 
correct device’s operation at the same time it 
protects the device against the reverse battery. 
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Figure 2 


2 - Switch-off Sequence 


Referring to Fig. 2 and supposing i.e. T1 and T4 
ON, T2 and T3 OFF (this means EN=H IN1=H 
IN2=L), the following steps have to be observed 
to allow a correct recirculation of the current in the 
motor at the switch off (Ref. Fig. 3): 


a)switch off T1 and wait for 100us about in 
this condition (EN = LIN1 =H IN2 = L) 

b)after the a.m. delay switch ON T2 (EN=L 
IN1 =H IN2 = H) 

c)switch off both T2 and T4 after the motor 
stop (EN = L IN1=LIN2 =L) 


Step a) allows the recirculation of the motor cur- 
Figure 3: Switch-off Sequence 
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rent due to the inductive component of the motor 
itself between DS1 and T4; the 100yusec delay 
time is needed to avoid the cross-conduction in 
the left half bridge. 

In step b) the motor is short circuited to GND (T2 
and T4 ON) and this allows the dynamic braking. 
In step c) T1, T2, T3 and T4 are OFF to allow a 
very low current consumption of the bridge. 
If the dynamic braking is not requested, step b) 
can be omitted. In any case the lower power tran- 
sistor of an half bridge must be kept ON, after the 
switch off of the upper transistor of the other half 
bridge, for a time longer than T = 5 « RL/LL, where 
Rl ey are the resistance and the inductance of 
the load. 
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3 - Input Driving Voltage 


To allow a correct operation of L9937 over the full 
temperature range, the driving voltage at the input 
pins must be higher than 5.5V, with 4mA current 
capability. 


4 - Short Circuit Protection 


It is possible to protect L9937 against short circuit 
to ground and across the motor in the full bridge 
application. 

The circuit schematics shown in Fig. 4 uses two 
voltage comparators (U1A, U1iB) to detect the 
Vce of the upper power transistors. U2A and U2B 
are open drain NAND gates (i.e. part no. 
HCC40107) and U3A/B/C/D are non inverting 
buffer to drive the L9937 (i.e. part no. 
74HC 4050). 

U1A and U1B sense the differential voltage VD- 
OUT2 and VD-OUT1 respectively. Referring to 
Fig. 4, chosen R1=100K and R2=20K, the values 
of R3 and R4 may be calculated according to the 
following formula: 


_ (Vp—- VcETH) — 0.166 Vp) «RA 


se 0.166 Vp 


where : 


Vp = bridge power supply 
VceTH = collector to emitter detection threshold. 
Figure 4 
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Choosing: 
VcETH = 2V @ Vp = 12V and Ré4 = 1K, the above 
formula gives R3 = 4K. 


When all signals from uC are at low level (motor 
off), the inputs to the bridge are low too; in these 
conditions the output voltage of the two compara- 
tors is high and therefore the outputs of U2A/U2B 
are free. When the uC sends, for example, IN2 
and EN high, OUT2 of the bridge goes high and 
OUT1 goes low. 

At this point the output of U1A pulls down the 
input of U2A before that the delay capacitor C1 is 
charged (through R5) up to the U2A threshold; in 
this way the U2A output remains free and the 
bridge drives the motor. 

lf a short circuit occurs, the Vce of the upper 
power transistor increases above the threshold 
and then the U2A output pulls down the enable 
input of L9937. At the SDME time the SC signal 
to uC, high in normal conditions, goes low; at this 
point the uC executes the switch-off sequence. 
We have just explained what happens when a 
short circuit occurs during the motor running 
phase. Another faulting condition occurs switch- 
ing on the bridge when a short circuit is present; 
in this case the bridge is driven for a time depend- 
ing on the time constant R5 * C1 = R6 « C2. 
Choosing R5 = R6 = 3.3K and C1 = C2 = InF, 
then the time constant will be T = 3.3ysec, that is 
susec about delay time. Longer delay time 
might allow the short circuit current to reach 
values beyond the absolute maximum ratings. 


EN 
— FROM uC 
| ms 
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5 - Thermal Protection 


The L9937 has 5 built-in diodes series-connected 
that can be used to implement a thermal protec- 
tion for the device. 

Fig. 5 shows the relationship between the voltage 
across the diodes and the temperature at 100uA 
diode current. 


Figure 5 
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Fig. 6 shows the simplest solution to do a thermal 
protection; an A/D converter of the pC is used to 
detect the voltage drop across the 5 diodes. The 
15K resistor sets the current in the diodes and the 
100nF capacitor acts as a filter against the noise. 
When the uC detects a voltage lower than the low 
threshold chosen according to the diagram in 
Fig. 5, it executes the switch-off sequence and re- 
jects any command to the bridge until the diodes 
voltage increases beyond the high threshold. The 
recommended hysteresis value is 30°C. 


Figure 6 


A/D CONVERTER 
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6 - Overvoltage Protection 


At point 1 we suggest a way to protect the L9937 
against the voltage transients. This protection 
allows the device to withstand overvoltages only 
if the bridge is not operating. To protect the de- 
vice against the overvoltages in all the operating 
conditions it is possible to implement the circuit 
shown in Fig. 7. 


(Note: A-B are connected to the nodes between 


Figure 7 


N9G2LII37-85A 


R3 and Ré (left side and right side) in Fig. 4; C is 
connected to the node between Ri and R2 in Fig. 4). 
When Vp reaches 18V the comparator output 
pulls down A and B, causing the intervention of 
the hardware protection showed in Fig. 4; at the 
same time the OVV signal is sent to wC, which 
executes the switch off sequence. The uC must 
reject any command to the bridge during the over- 
voltage conditions. 

With the values shown in Fig. 7, a 1V hysteresis 
is provided. 

It is possible to enhance the performances of the 
system just described avoiding the braking of the 
motor also for short duration voltage transients; to 
do this the pC, once received the overvolitage di- 
agnostic signal (OVV), put at low level the 
enable of the L9937, confirming the hardware 
switch-off of the motor; in this condition an output 
of the half bridge is in high impedance state and 
the other one is low, allowing the recirculation of 
the current and the free running of the 
motor. 

The system holds this condition until OVV is ac- 
tive; when the OVV signal is released the uC 
resets the hardware protection, sending EN = IN1 = 
IN2 = L and then restore the previous command to 
the bridge. 

It is mandatory, however, to wait for the complete 
current recirculation of the motor before to reset 
the hardware protection; in facts, when EN = IN14 
= IN2 = L both the L9937 outputs are in high im- 
pedance conditions. 


7 - Diagnostic Feedback Output 


DF pin is an open drain output to monitor overcur- 
rent and overtemperature conditions. 

The overcurrent detection threshold is inversely 
dependent from the temperature of the chip. 
Typical application of this function is to send the 
DF signal, with an external pull-up to Vcc, to a 
digital input of the 1C; when the DF signal goes at 
low level, the wC executes the switch-off se- 
quence. 
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1.9937 IN A BODY MULTIPLEX ENVIRONMENT It is then possible to obtain a very small size mo- 
dule that can be integrated directly in the actua- 


All the functions described above can be im- tor. Fig. 8 shows a typical application of these 
plemented in a custom integrated circuit together modules as peripheral units in a “Class A” wired 
with a bus transceiver and a protocol handler. Multiplex System. 


Figure 8: “Class A” Wired Peripheral Application 
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SMART POWER TECHNOLOGIES FOR 
POWERTRAIN & BODY ELECTRONICS 


by R. Ferrari 


Smart power ICs are becoming increasing by common in automotive powertrain and body elec- 


tronics. This note provides a general introduction to the subject. 


As is well known, electronics is slowly but pro- 
gressively invading every part of the automotive 
environment (figure 1); entering first in the car 
radio, it has extended progressively and is now 
present in all of the subsystems of an automobile. 
For those people who prefer a "historical" ap- 
proach, the evolution of auto electronics has been 
divided into three main sections, each subdivided 
into various phases, correlated with the state of 
the art in general electronics at that time. Today, 
at the beginning of the 90’s we are in the SMART 
POWER phase, and it is precisely that which we 
intend to discuss briefly here (see fig. 2). 


We will look at, first of all, some definitions: smart 
power or intelligent power indicates those families 
of integrated circuits which include both logic con- 
trol circuits and components capable of delivering 
a significant amount of power to a generic load. In 
numbers, a Circuit can be considered smart power 
if it is able to deliver more than 0.5A to the load, 
or of withstanding more than 50V, or able to sup- 
ply a power of at least 1W to the load. 


Over the years SGS-THOMSON has developed 
various technologies that allow the realization of 
smart power circuits (figure 3). The simplest way 
to classify these technologies is to refer to the 
process type, which can be purely bipolar or 
mixed, that is, including on a single piece of sili- 
con both MOS structures (of control and power) 
and bipolar structures. Another method (figure 4) 
is to examine the way in which the current flows 
through the power section; horizontal, with the 
current entering and leaving through the upper 
surface, or vertical, where the current enters 
through the upper surface and leaves through the 
lower surface; for this lower connection instead of 
wire the tie bar of the package is used. 


The choice of one technology rather than another 
depends on various elements (figure 5) but sim- 
plifying as far as possible the criteria, we can say 
that vertical technologies can guarantee, for a 
given area, lower resistances but they have the 
limitation of being able to include just one power 
device per circuit (or more than one, but always 
with the collectors or drains short-circuited); while 


Figure 1: Electronics in present and future automobiles. 
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Figure 2. 


PROGRESS OF ELECTRONICS TECHNOLOGIES 


Source: Mitsubishi Motors Corp. 
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Figure 3: Smart Power Technologies Matrix. 
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Figure 4: Integrated DMOS structures. 
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Figure 5: Smart Power Technology Matrix selection criteria. 
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Figure 6: Multiple independent Power Structures realized with Horizontal Technology. 
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Figure 7: Bonding wire features. 
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horizontal technologies make it possible to have 
power structures that are completely independent 
(figure 6). It is therefore evident that a vertical 
technology will give excellent results in the design 
of a light switch, while a horizontal technology will 
be equally well suited to the design of a multiple 
actuator. 


It is important at this point to underline that a 
smart power circuit does not consist of just silicon 
technology, but relies heavily on package technol- 
ogy. In fact it is well Known that a signal device is 
bonded using gold wires with a diameter of 25 
microns; however, gold wire can be used effec- 
tively up to diameters of 50 microns, which allows 
reliable operation with currents up to 2A, provided 
that the wire is surrounded by resin (the current 
capacity drops by 50% for wires in free air -- that 
is, in the case of hermetic packages, 


When, however, one has to deal with very high 
Figure 8: Mixed Bonding Technology. 
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D.C. CAPABILITY 
(Ampere) 
in plastic 
package 


RESISTANCE 
(mOhm/mm) 


currents (more than 5A in single-point injection 
actuators, and more than 10A for windowlift mo- 
tors) gold wires are no longer usable for obvious 
cost reasons so it is necessary to turn to alu- 
minum wires (figure 7) with a diameter from 180 
microns to 375 microns; clearly in this case it will 
be necessary to have adequately dimensioned 
bonding pads on the die, with a significant waste 
of silicon area. 


Optimization is obtained with a mixed bonding 
technology where signal pads are bonded with 
thin gold wires and power pads with thick alu- 
minum wires (figure 8). A further optimization is 
obtained by orienting the pads in the pad-to- 
bond-post direction. But while we are speaking of 
power it is also important to speak of packages 
(figure 9). These packages are part of a long 
tradition of TO-220 type packages (with 3, 5 and 
7 pins) but recently new needs in assembly are 
bringing important evolutions of the classic tab 


yy SGS-THOMson 
s/f MICROELECTRONICS 


APPLICATION NOTE 


packages. Devices completely encapsulated in 
completely isolated packages — called Ilsowatt — 
are already in production; in these devices isola- 
tion up to 1000V is obtained with a minimum re- 
duction in the junction-to-case thermal resistance. 


On the other hand, the practice of using clips, 
rather than screws. for mounting packages is be- 
coming always more common, both to save 
space and to obtain better long-term reliability in 
thermal conduction. This has led to the TABLESS 
isolated package which accumulates the previous 


Figure 9: Power package Matrix. 
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two needs, while for surface mounting a non-iso- 
lated package with a junction-case thermal resist- 
ance less than 3’C/W is in development in our la- 
boratories and will be available in industrial 
quantities in 1991. 


Now that we have examined the means that tech- 
nology places at our disposition, both in diffusion 
and in assembly, we can now examine what typi- 
cal structures smart power processes will allow us 
to make, and which kind of circuit will normally be 
driven by each structure (figure 10). 
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Figure 10: Intelligent power actuators basic configuration. 
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Figure 11: Intelligent power actuators basic protection. 
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1.The typical, so-called High Side configuration, 
in which the actuator is located between the 
supply and the load, is traditionally used in 
the supply of resistive loads, typically lamps, 
but is also suitable for mono-directional mo- 
tors. 


2.When the actuator is between the load and 
the ground of the supply system we have a 
"low side" configuration, very common for 
driving inductive loads such as, for example, 
the solenoids that control the opening of 
valves (injectors, ABS system, automatic 
transmission), but also ignition coils. 


3.Finally, when we have to drive a motor that 
rotates in both directions it will be necessary 
to use a bridge structure; the choice between 
integrating the whole bridge or just half of it 
clearly depends on the current involved. To- 
day’s technology allows us to realize effi- 
ciently a complete bridge to drive a door lock 
motor, while it is necessary to use two half 
bridges if the load is a windowlift. 


In all of these structures there will always be inte- 
grated a certain number of protection circuits, to 
guarantee survival of the device in the presence 
of possible failures in the surrounding ambient 
(figure 11). 


Figure 12: Dual 3A Low-side Actuator. 
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APPLICATION NOTE 


These include, to name a few, the automatic 
shutdown when the silicon reaches a Critical tem- 
perature (which can be caused not only by a short 
circuit in the load or its connections, but also by 
the degradation of thermal contact between the 
device and its heatsink). Today, in certain appli- 
cations such as fuel injection this automatic shut- 
down tends to be replaced with a warning signal, 
which informs the control unit when a critical situ- 
ation has been reached, leaving the unit itself to 
decide what to do (for example, reduce perfor- 
mance to guarantee functionality). 


Another very common structure is output current 
limiting, even in the case of a load short circuit. 
Usually the intervention of the limitation circuit is 
accompanied by a diagnostic signal that is made 
available for the control system. Finally, in some 
devices a circuit is included that is able to detect 
overvoltages in the supply system, disabling the 
output stage and placing it in the best conditions 
to support the overvoltage. 


Given the above, we will now describe a practical 
case with the aim of identifying how the design 
time can be optimized through a suitable interac- 
tion between the system designer and the silicon 
manufacturer. 


The circuit shown in figure 12 is a dual low-side 
actuator designed to drive two independent loads 
with currents up to 3A each (typically injectors). 
The technology employed is mixed _ (bipo- 


IMyqe te Bll yal 

mn ha 
t ht 

deep 


an 
re ey 


3 


acy grag 
tut | 3 


ae oe 


“e a anil 
aes 


, A y 
ht bd = coat ei 


a EMU 


"] i Se 
yet aes ye 2a 
Te a 
ot key 
14 a da 
= : } H 
Hi § 
vod an A | 
an x ki $3 
.ryae tiie? Upaay 
sat ; 2 : 
fe Heese i] ihe f 
sly eS 2) 

i ft ik). ‘ 
< t : | are 
AT ene S pe oat 

0 
« 
RS. 
En 9 
z waalehay 
bee oy nate [con a a 
ate 3 


SGS-THOMSON 
MICROELECTRONICS 


i 


APPLICATION NOTE 


Figure 13: Expertise partitioning when designing a smart power actuator. 


DIAGNOSTIC & 
CONTROL POWER} 


SYSTEM KNOW-HOW 


lar/CMOS/DMOS) with a horizontal current flow 
(BCD60); if we pass from the photograph to a to- 
pographical diagram of the silicon (figure 13) it 
becomes immediately evident that the chip is 
divided into a limited number of macroblocks, for 
each of which it is easy to attribute project 
leadership. In fact it will be an essential task of 
the system designers to define the criteria for the 
driving of the actuator as it is to define the mal- 
functions for which the activation of a diagnostic 
signal is necessary. On the other hand it is indis- 
putable that only the silicon designer can optimize 
the design of the power section and take advant- 
age of structures already available in his library to 
realize those functions which are necessary and 
also repeated frequently in different devices. 


The system designer, too, can take considerable 
advantage from the use of cell libraries so the 
total design time can be reduced to a minimum 
(7-9 months from the start of the design to work- 
ing silicon), reducing significantly the gap tradi- 
tionally existing between a dedicated circuit (full 
custom) and a semicustom circuit obtained from 
gate arrays or standard cells. 


A brief glance at another two circuits, each repre- 
sentative of a technology described above. 


In the first we see a highly-innovative circuit for 
use in ignition systems. This is the VB020 (figure 
14), a circuit realized in mixed vertical technology 
(M2) able to drive directly the primary of the igni- 
tion coil, combining a darlington with a vertical 
current flow with a driver circuit and TTL/CMOS 
compatible control circuit (figure 15). In the device 
are integrated circuits to limit the collector voltage 
(fixed at 450V max). 


We conclude this series of examples with the 


POWER 2 


eee 


SILICON KNOW-HOW 


L9937 (figure 15), a bridge circuit designed to 
drive a door lock motor and therefore capable of 
delivering continuous currents of 6A with starting 
peaks up to 12A. The device is realized in hori- 
zontal bipolar technology and, as appears in the 
photograph, is almost entirely occupied by four 
large power transistors that constitute the output 
stages of the circuit. In this case, too, you can see 
the mixed bonding (gold for the signal wires, alu- 
minum for power wires) and the pads oriented to 
optimize silicon area. In the block diagram (figure 
16) you can see a chain of diodes which has the 
function of monitoring the temperature of the chip. 


This brief introduction to smart power techno- 
logies would not be complete if it did not dedicate 
a few words to the price that the customer must 
pay to buy circuits of this type. In fact a typical 
question that semiconductor companies _ fre- 
quently hear is “How much does a square mil- 
limeter of smart power silicon cost?”. Since the 
price of a square millimeter of silicon depends on 
the total area of the chip | believe that it can be a 
pleasant surprise to discover that even for fairly 
sizable chips — that is, up to 25/6mm2 — the price 
of each mm2 increases very little (about 25%). 
The curve of figure 17 gives the trend for areas 
between 5 and 50mm2 and, though based on a 
theoretical calculation, follows closely the present 
commercial reality. Obviously the graph reflects 
the current state of the art; if only three years ago 
the elbow of the of the curve had been moved vi- 
olently to the left without arriving at saying that 
the evolution will continue indefinitely with the 
same speed, it is however reasonable to expect 
in the next few years a further extension of the li- 
near zone at least towards the 40mm2 region. As 
for the meaning of “1mm2 of silicon”, several 
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Fully integrated high voltage darlington for electronic ignition. 
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Figure 16: Full bridge motor driver. 
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Figure 18: Smart power devices. 
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possibilities are given at the foot of the table. 


There is another way to evaluate the price of a 
smart power circuit, and this is to estimate the 
price for each ampere delivered to the load. This 
method of calculation is less rigorous and can be 
plotted as a graph assuming as size reference the 
percentage of silicon dedicated to power com- 
pared to the total area of the chip. The line shown 


38 in the figure 18 graph indicates that one ampere 
a costs approximately 30 cents but can rise to 45 

c USS . rorzees|\ cents for circuits containing particularly complex 
20 control and diagnostic logic, and it can fall to 15 
rr ha cents for Sela ee ete eat of only 

: power stages. It must be underlined that two con- 

par esas chad ate aS a sumer devices (L552 and TDA2005 — both audio 
power amplifiers) for which we can assume stable 

specifications, mature technologies and ample 

6 markets, lie exactly on the curve. This should be 


indicative of the final trend for automotive devices 
which are as yet young devices in a young mar- 
ket. 
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INTRODUCTION 


The VB020 is a monolithic high voltage 
integrated circuit which combines a vertical 
power darlington with built-in protection 
circuits for coil current limiting and collector 
voltage clamping. The device interfaces 
directly with a microprocessor which controls 
the dwell angle. 

This application note shows how it is possible 
to use the VB020 in an electronic ignition 
system not employing a microprocessor. 
The IC used, the L497, is a more conventional 
electronic ignition controller for breakerless 
ignition systems using a Hall effect sensor. 
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ELECTRONIC IGNITION 
WITH VB020 AND L497 


by M. Melito 


OPERATING PRINCIPLE 


The schematic of fig.1 shows how the two ICs 
are connected to control both the coil current, 
providing the required stored energy and the 
dwell angle, for low power dissipation. 

The L497 was designed to drive an external 
Darlington and in a standard application circuit 
the current control is performed monitoring the 
coil current through a sensing resistor on the 
emitter of the Darlington. When the voltage 
drop across the sensing resistor reaches the 
internal comparator threshold value the dwell 
angle control circuit is enabled. Meanwhile the 
coil current is kept constant forcing the 
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Vi = 100 maV/div 


1 Vig = 1 V/div 
Zoot) = 1 A/div 


t = 2 ws/div 


Fig. 2 - V3, Vy4 and |,,, waveforms. 


Darlington into the active region until the high- 
low transition of the input signal causes the 
spark to occur. The collector voltage is 
clamped to a value that is externally fixed by 
a resistive network. The internal dwell angle 
control circuit calculates the conduction time 
for the output Darlington in relation to the 
speed of rotation, to the supply voltage and 
to the characteristics of the coil, thus avoiding 
excessive power dissipation in the Darlington 
itself. 


2/4 


Vs = 2 V/div 
Iooi) = 1 A/div 


t = 10 ms/div 


Fig. 3 - Duty-cycle = 30%; frequency = 20 Hz. 


By linking together the L497 and the VB020 it 
is possible to avoid both the coil current 
sensing and the collector voltage clamping 
networks because the VB020 has internal 
built-in protection circuits which perform these 
functions. The dwell angle control is performed 
by supplying the L497 with the feedback signal 
shown in fig.2. The diode, D1, keeps the 
voltage at pin 13 of the L497 under the internal 
comparator threshold voltage until the VB020 
begins to regulate the coil current. At this point 
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V; = 2 V/div Vs = 2 W/div 


Ino) = 1 A/div Zoot) = 1 A/div 


= 2 ms/div 
t = 10 ms/div 


V; = 2 V/div 
Iooi3 = 1 A/div 


t = 2 ms/div 


Veg = 50 V/div 
Toon) = 1 A/div 


t = 5 us/div 


Fig. 6 - Duty-cycle = 70%; frequency = 140 Hz. Fig. 7 - Turn-off in normal operating mode. 


D1 is turned-off and the voltage on pin 13 can 
Vee = 50 V/div reach the threshold voltage of the internal 
Ton = 1 A/div comparator enabling the dwell control circuit. 
f:5 20 uss div Figures 3 to 8 show the system performance 
(V.,> oo) under various conditions and fig. 9 
shows the conduction angle versus r.p.m. for 
Fig. 8 - Turn-off with open gap. a four cylinder engine. 
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ic/T [%] 
0% 


—— Vbat-16V 
He NVbate2v 
-&- Vbat-9V 
"| 7 Vbateav 
0 1 2 3 4 6 6 7 8 
r.p.m. x 1000 


Fig. 9 - Conduction angle versus r.p.m. 


CONCLUSION 


The VB020 can be used in electronic ignition 
systems without using a microprocessor. 
The overall cost of the system can be 
competitive with the solution using a 
Darlington because the current limiting and 
voltage clamping function performed by the 
VB020 are trimmed on silicon avoiding the 
need for additional adjustment. 
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MIXED WIRE BONDING TECHNOLOGY 
FOR AUTOMOTIVE SMART POWER ICs 


by R. Ferrari and A. Massironi 


By using a mixture of gold and aluminum bonding wires in the same IC, SGS-THOMSON has 


found a reliable way to correct very high current ICs that avoids wasting die area. 


One of the essential prerequisites for the large- 
scale introduction of multiplex wiring systems for 
vehicles is the availability of high power inte- 
grated circuits (IOs) capable of replacing relays, 
driving directly lamps, motors and _ solenoids. 
These ICs must be rugged and highly reliable yet 
inexpensive. Many power ICs suitable for this 
market are already available but a gap was left at 
the high current — roughly 4A+ — end of the 
range; ICs delivering 20A or more are needed for 
loads like windowilift motors. 


One of the main problems in high current IC de- 
sign lies in the thin wires that connect the silicon 
chip itself to the external connections of the IC 


package. These bonding wires are typically fine 
gold wires (up to 50um thick) which cannot carry 
more than a few amperes of current. 


Increasing the thickness of the gold wires is ruled 
out partly because of cost, and also because they 
are too rigid to weld to the surface of the chip 
without damaging it. It is possible in theory to use 
two or more gold wires in parallel for each con- 
nection but this solution is generally impractical 
because the large number of bonding pads waste 
space on the chip (the cost of a silicon chip is pro- 
portional to its area), the cost of the wire is ex- 
eee and because testing each bond is diffi- 
cult. 


Figure 1: Part of an almost completed strip of integrated circuits utilizing the new mixed bonding technol- 
ogy. The gold and aluminum wires connecting the silicon chip — the small gray rectangle — 
with the gold-plated external connections can be clearly seen. 
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Figure 2: After the wire bonding operation the One alternative, widely used in simple power ICs, 
completed frame assembly is encapsu- is to use thick (250um) aluminum wires. However, 


lated in black plastic resin and the a thick aluminum bonding wire needs a large 


bonding pad on the die. In a simple device like a 
parts of the metal frame that served as 3-terminal voltage regulator this is not a problem 


a mechanical support are removed. because there are few such pads, but for more 
The finished parts are then tested and complex ICs with eight or more connections the 
marked with the type number and lot wasted silicon area would be excessive. 

tracing information. SGS-THOMSON has developed and_ indus- 


trialized an effective and efficient solution to this 
problem: a mixed bonding technology where thin 
gold wires are used for low current connections 
and thick aluminum wires used for power connec- 
tions. Figure 1 shows a bonded frame of a 20A 
windowlift motor driver that uses this method; the 
two types of bonding wire can be clearly seen. 
Figure 2 shows the same IC after encapsulation 
with black molding resin and removal of the sup- 
port elements of the frame. 


Because of the use of aluminum bonding wires a 
selective gold alloy plating of the leadframe is 
necessary; gold is one of the few metals that will 
weld reliably to aluminum. Apart from reasons of 
cost, gold plating is used selectively — rather than 
the simpler overall plating — because of gold were 
used on the external lead part of the frame it 
would contaminate the circuit board soldering 
bath, leading to possible reliability problems. 


Different bonding techniques are used to weld the 
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two types of wire to the surface of the silicon chip. 
For the thin gold wires the thermosonic method Is 
used where an electric discharge first creates a 
small ball on the free end of the wire, this ball is 
then pressed on to the bonding pad and vibrated 
rapidly (in the ultrasonic range), causing the gold 
ball and silicon surface to weld together. 


The thicker aluminum wires are bonded using the 
simpler ultrasonic method, where the wire is sim- 
ply pressed onto the surface of the chip then vi- 
brated rapidly to weld the wire to the pad. Be- 
cause more vigorous vibrations are used in this 
technique the aluminum wires are bonded first, 
followed by the gold wires. On the production 
lines two separate machines are used in tandem. 


Reliability is an important consideration in auto- 
motive ICs therefore it is essential that wire bonds 
be secure throughout the lifetime of the circuit. To 
ensure that bonds are correctly executed some 
parts are subjected to a pull test, where the wires 
are pulled to determine their breaking strength. 
Gold wires must resist a force of at least 15g; the 
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thicker aluminum wires must resist a pull of 130g. 
In both cases the wire must break; the bonds 
must not detach. 


These pull tests are also repeated on statistical 
samples after accelerated life testing where parts 
are subjected to humidity, thermal cycling, and 
other stresses. 


Mixed bonding technology can be used in various 
different power IC packages, though the photos 
here show the Multiwatt-8 package. This type has 
eight leads in line at 0.1" centers — wider than is 
usual — to suit high current circuits where wide 
circuit board tracks are used. The metal frame de- 
sign of such packages reflects the care taken to 
ensure reliability in line with the needs of the auto 
market. For example, the die-mounting zone of 
the frame is isolated mechanically by notches and 
groove from the external mounting tab area. This 
ensures that deformation caused by overtighte- 
ning the mounting screw will not subject to stress 
that could adversely affect reliability. 
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ABSTRACT 


IGBTs are now being used in a variety of 
switching applications due to their attractive 
characteristics, particularly their peak current 
capability, ruggedness and gate driving 
Circuit. 

Up to now their use was limited to the electrical 
drive sector and the IGBTs were required to 
be fast like the power MOSFETs and to have 
low conduction losses like the BJTs. 
Automotive ignition switches are not required 
to be very fast because_of low frequency at 
which they have to work. They must have 
very low Vce(sat) and must be very rugged. 
In both cases the existing technology allows 
us to obtain an acceptable compromise in 
terms of switching speed, ruggedness and 
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CAR IGNITION WITH IGBTs 


by M. MELITO 


power dissipation. 

Moreover the structural characteristics of 
IGBTs lend themselves to future 
developments like low threshold devices for 
easier driving, integrated temperature and 
current sensing, gate to emitter and collector 
to gate voltage clamping, thus providing 
significant improvement in ruggedness, 
reliability, protection and system cost 
reduction. 

This paper gives a brief explanation of the 
physics and of the structure of the device 
and highlights the characteristics which make 
IGBTs a very attractive competitor for the 
present power switches in automotive 
ignition. 
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IGBT TECHNOLOGY AND 
CHARACTERISTICS 


Except for the pt substrate, the silicon cross 
section of an IGBT (fig. 1) is virtually identical 
to that of a standard power MOSFET. Both 
devices have the same cellular design with 
p/pt body, n* source and polysilicon gate 
structure. In both devices the n” material 
under the p bodies is sized in thickness and 
resistivity to sustain the full voltage rating of 
the device. 

Even if their structure is quite similar, the 
physical operation of the IGBT is different 
from that of the power MOSFET. In fact the 
IGBT is a minority carrier device and its 
physical operation is closer to that of a bipolar 
transistor than to that of a power MOSFET. 
This is due to the pt substrate which, during 
conduction, injects holes in the n™ region 
drastically reducing its resistivity. 

Due to conductivity modulation, IGBTs allow 
power loss saving compared to power 
MOSFETs and have increased efficiency with 
respect to a bipolar transistor because the 
emitter covers the entire area of the die. 
As for the switching speed the IGBT is in 


GATE 


ALUMINIUM 


general not as fast as a power MOSFET but 
this is not a limiting factor because of the 
very low switching frequencies used in 
automotive ignition. 

Due to the sandwiched layers of the device, 
the area with the extra p* layer forms a pnp 
bipolar transistor which controls the fall time 
of the IGBT. During turn-off the BJT portion 
has open base switching and switching 
terminates by the recombination of excess 
minority carriers. 

Consequently the turn-off is dominated by 
the lifetime of the minority carriers in the n- 
region. 

In order to improve the fall time in IGBTs, 
techniques such as electron beam irradiation 
and doping with lifetime killers have been 
used to control the lifetime of minority 
carriers. Structural design changes, by the 
insertion of a n* buffer layer have also been 
introduced. The optimization of these 
techniques in IGBTs has allowed tyay and 
Vcg(sat) “tuning” (fig. 2), thus achieving the 
best trade-off between switching speed, 
power losses and ruggedness over a wide 
range of applications. 


POLYSILICON 


EMITTER 


"-” SUBSTRATE 


COLLECTOR 


Figure 1: IGBT basic structure 
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Output characteristics 


In a first order approximation the IGBT can 
be modelled as a pnp transistor driven by an 
n-channel power MOSFET (fig.3). This model 
is very simple and does not take into account 
second order effects, due to the common 
power MOSFET drain and BUT base region, 
but is useful to explain the IGBT 
characteristics. 

As is apparent from the equivalent circuit, 
the voltage drop across the IGBT is the sum 
of two components: a diode drop across the 
p/n junction and the voltage drop across the 
driving Power MOSFET. Thus, like a 
Darlington, the on-state voltage drop across 
an IGBT never goes below a diode threshold 
voltage. As in the final stage of a pseudo- 
Darlington, the PNP is never in heavy 
saturation and its voltage drop is higher than 
that obtained from the same PNP in heavy 
saturation. It should be noted, however, that 
the emitter of an IGBT covers the entire area 
of the die, hence its injection efficiency and 
conduction drop are superior to that of a 
bipolar transistor of the same size. The typical 
output characteristics of an IGBT are given 
in fig.4. 


Vcesat (V) 
CT ae 


@) 5 10 15 20 
Ic (A) 


‘Figure 2: Vce(saty Versus tfal 


Temperature coefficient 


The IGBT has a temperature coefficient of 
Vcg(sat) that looks like a bipolar transistor up 
to approximately Io max. At that point the 
temperature coefficient becomes zero. At 
collector currents greater than I, max, the 
temperature coefficient becomes positive and 
looks like a Power MOSFET. A typical 
temperature coefficient of VcE(sat) 

as a function of collector current for two 
junction temperatures are given in fig.5. 


Switching 


Due to the similar structure the switching 
behaviour of IGBTs for same aspects looks 
like the Power MOSFET one being affected 
by the unavoidable intrinsic capacitances of 
the device. 

In the same way the main parameters 
governing switching behaviour are the gate 
bias, the driving impedance, the gate charge 
and the stray inductances. 

Unlike the Power MOSFET the influence of 
the driving circuit on the current fall-time of 
IGBTs is negligible. 


Turn-on 


The turn-on behaviour of the IGBT is very 
similar to that of a Power MOSFET and in a 
similar way it is possible to control the turn- 
on time by the gate voltage and by the 
impedance of the driving circuit. 


Turn-off 


The IGBTs turn-off, shown in fig.6, can be 

divided into three consecutive phases: 

a) the gate voltage begins to decrease until 
it reaches the value when the Miller effect 
occurs; during this phase the collector 
voltage increases slightly changing the 
output characteristics with |, = constant. 
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Figure 3: IGBT simplified equivalent circuit and JEDEC symbol 
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Fig. 4: |GBT Output characteristics 


b) this phase is the Miller effect and the gate 
voltage remains constant because of 
modulation of the collector gate 
Capacitance. This is due to collector 
voltage rapidly increasing to its maximum 
value. 

c) the collector current begins to fall quickly 
then it continues with a tail which is due 
to recombination of minority carriers in the 
substrate. 

The current tail, which causes the major 

switching losses, is strongly related to 

technology and its effect can not be mitigated 
by the driving circuit. The faster part of the 


Vcesat (V) 
8 
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tfall (uS) 


6) 0.5 1 


Fig. 5: Vce(saty versus Ic 


collector current is due to the turn-off of the 
MOS portion of the IGBT structure. This part 
is connected to the PNP current gain which, 
for ignition devices, is designed to be 
relatively high to obtain a lower VcE(saty. The 
lower VcE(sat) iS paid for with a longer current 
tail, refer to fig. 2. The price of this is 
acceptable because switching losses are 
negligible and because of the low switching 
frequency, compared to the losses during 
the on-phase and during current regulation. 
Moreover a very low VcE(saty is imperative to 
allow the engine to start when the battery 
voltage is at its lower limit. 
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Fig. 6: IGBT turn-off 


HOW AN IGNITION SWITCH MUST BE 
SPECIFIED 


An automotive ignition switch must meet 
certain specifications concerning voltage and 
current rates, minimum energy handling 
capability in case of spark plug disconnection 
and driving requirements, over the whole 
operating temperature range. 


The main requirements are related to: 
1) breakdown voltage 

2) current and saturation voltage 

3) safe operating area 

4) input characteristics. 


Breakdown voltage 


A pulse of 250V-300V on the primary side is 
normally more than enough to activate a 
spark. Of course the voltage peak on the 
spark plug will reach 20kV or more, because 
of the turns ratio, before the spark is actually 
ignited. 

Just after that, both the primary and 


secondary voltages collapse and during the 
spark they stay significantly lower than the 
peak. Consequently the protecting zener can 
not be made to operate below 350V, to make 
sure that the voltage pulse will be high 
enough. 

The switch breakdown voltage, that must 
never be reached, is therefore to be’specified 
at least 50V higher than the zener breakdown 
to have a reasonable safety margin. 

A wide range of IGBTs are actually in fully 
production covering BVces ranges from 400V 
to 1500V. 


Current and saturation voltage 


The current density of an IGBT rated at 500 V 
and 8A is up to two times greater than a bipolar 
transistor with comparable ratings in terms not 
only of breakdown and saturation voltage but 
also in terms of safe operating area. 
Consequently it is possible to achieve the 
same performance as a standard ignition 
Darlington with a smaller silicon area or 
alternatively to have a better thermal 
resistance. 


Safe Operating Area 


The safe operating area describes the 

capability of a transistor to withstand 

significant levels of voltage and current at 
the same time. 

There are two main conditions that would 

Subject an ignition switch to this combined 

stress: 

a) In normal operating conditions the falling 
edge of the collector current during turn- 
off causes the collector voltage to rise until 
the spark occurs. 

During this phase the ignition switch has 
to withstand, at the same time, high 
voltage and high current levels, wjthout 
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either damage or reliability degradation. 
This can be achieved only if the voltage 
and current levels are within the 
boundaries of the guaranteed turn-off safe 
operating area (RBSOA). Otherwise an 
network is required to shape the voltage 
and current waveforms. 
The actual technology allows the 
production of IGBTs having a square 
RBSOA whose voltage boundary is the 
BVces and the current limit is at least two 
times the nominal current of the device 
thus avoiding any need for a network. 
b) In case a spark plug is disconnected the 
ignition switch must be able to absorb the 
energy that the coil can not release to 
spark. All the stored electromagnetic 
energy tends to concentrate across circuit 
parasitic capacitances charging them up 
to high voltages and putting the device in 
avalanche with risk of going into second 
breakdown and failing. This problem is 
overcome dissipating this energy stress 
on the power switch by a protection zener 
put between the collector and the device 
base which turns the device on as soon 
as the collector voltage exceeds the 
nominal zener voltage. The usual way to 
indicate the minimum energy the switch 
can absorb without damage is to specify 
the battery voltage, the coil inductance 
and coil current, the clamp voltage for the 
zener and, if present, the collector-to- 
emitter capacitance. 
This kind of specification is usually referred 
to as the “use test” and it can be easily 
guaranteed for the IGBTs. 


Input 


The ignition switch must be specified to 
ensure that the current and voltage available 


from the driving stage are enough to switch 
it on and off under all temperature conditions. 
The input characteristic of IGBTs is a MOS 
characteristic thus requiring a very small 
amount of energy for switching. The IGBTs 
require a driving energy that is at least two 
orders of magnitude lower than the 
Darlington’s. 

Moreover the recently introduced logic level 
IGBTs, STGP10N50L or equivalent, can be 
turned on with a gate voltage as little as 3V. 


IMPROVEMENTS 


The structural characteristics of IGBTs lend 
themselves to further improvements in similar 
ways to the developments made in power 
MOSFET technology. 

Logic level IGBTs are available and they can 
be directly interfaced to CMOS, TTL, PMOS 
and NMOS logic circuits and microprocessors 
operated from 5V supplies. 

Moreover temperature sensing, current 
sensing, gate to emitter and collector to gate 
voltage clamping can be designed into IGBTs 
at the cost of a small increase of the silicon 
area and the addition of only one masking 
layer to the process. 

The functions that can be obtained provide 
significant improvement in ruggedness, 
reliability, protection and system cost 
reduction. 


CONCLUSION 


IGBTs are high voltage power switches which 
can work at very high current densities. They 
are simple to drive and are intrinsically 
rugged.This, coupled with the potential to 
integrate functions such as device protection 
and other reliability enhancing features, make 
them potentially very aggressive competitors 
in the automotive ignition field. 
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INTRODUCTION 


The ever increasing demand for cost 
reduction and higher levels of circuit 
complexity and reliability have directed the 
semiconductor manufacturer's attention 
towards smart power technologies which 
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HIGH SIDE DRIVERS 


by A. Russo 
B. Bancal 
J. Eadie 


allow the production of totally integrated 
monolithic circuit solutions that include a 
power stage, control, driving and protection 
circuits on the same chip. 


CONVENTIONAL CONTROL CIRCUITS 


LOGIC 
INTERFACE |} 
HARDWARE 


POWER 


STATUS 


PROTECTION 


DRIVER 


POWER 


SWITCH 


POWER DRIVER 


LOGIC 


POWER SWITCH 


INTERFACE 
STATUS 


ViPower "THE SMART SOLUTION" 


Vertical intelligent power, (ViPower ™) an 
SGS-THOMSON Microelectronics patented 
technology, established over 7 years ago, 
uses a fabrication process which allows the 
integration of complete digital and/or 
analog control circuits driving a vertical 


power transistor on the same chip. The 
power handling capability of this type of 
structure compares’ favourably with 
monolithic smart power devices of 
equivalent chip size which use lateral, or 
"U-turn" power output structures. 
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SMART POWER APPROACHES 


CONVENTIONAL 
SMART POWER ICs 


Gate 


we Pat os 


ToT Source Source cou 


"U-TURN" PROCESS 


The ViPower technology MO used for 
making these High Side Drivers produces a 
monolithic silicon chip which combines 
control and protection circuitry with a 


CROSS SECTION OF MO 


Driving circuitry 
Enhancement and depletion NMOS 


High Side Drivers, with their integrated 
extra features are power switches that can 
handle high currents and work up to about 
40V supply voltage. They require only a 
simple TTL logic input and incorporate a 
fault condition status output. They can 
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Gate 
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VERTICAL PROCESS 


standard power MOSFET structure where 
the power stage current flows vertically 
through the silicon. 


viPower™ TECHNOLOGY 


Power stage 


Power stage output 


drive an inductive load without the need for 
a freewheeling diode. For complete 
protection the devices have an over- 
temperature sensing circuit that will shut 
down the chip under over-temperature 
conditions. They also have an under- 
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voltage shutdown feature. It is simple to 
introduce some differences in the control 
logic to produce devices with features 
which cater for different working 
environments. 


Each application exerts an external 
influence over the switch. A filament lamp 
or DC motor, for example, have in-rush 
currents that any switch has to handle. 
Solenoids and motors have an inductive 
effect and must lose the residual 
magnetism when the current is turned off. 
This gives rise to induced voltages and the 
need to remove this stored energy. 
External fault conditions can also stress the 
drivers and their associated circuitry. The 
following discussion has been designed 
to explain the basic principles involved 
in using these devices and to help to 
understand how they react under the 
influence of various applications. 


Almost every electronic switch used in a 
modern automobile application is a high 
side switch. This configuration is preferred 
for automotive use because: 


a) - This configuration protects the load 
from continuous operation and resulting 
failure, if there is a short circuit to the 
ground. Since the body of a car is metal 
and 95% of the total car is ground, the 
short to ground is much more common 
than short to V., 


b) - High Side Drivérs cause less 
problems with electrochemical 
corrosion. It is of primary importance 
in automotive systems because the 
electrical components are in an adverse 
environment, specifically adverse 
temperatures and humidity and the 
presence of salt. For this reason the 
series switch is connected between the 
load and the positive power source. 
Therefore when the electrical 
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component is not powered (that is for 
the greatest part of the lifetime of the 
car) it is at the lowest potential and 
electrochemical corrosion does not take 
place. 


Integrated High Side Drivers offer 
numerous advantages over the popular 
automotive relay used in cars today. 
Diagnostic information output from the High 
Side Driver helps the on-board 
microcontroller to quickly identify and 
isolate faults saving repair time and often 
improving safety. High Side Drivers can 
reduce the size and weight of switch 
modules, and where multiplexed systems 
are used, dramatically reduce the size of 
the wiring harness. 


Process control applications offer another 
use for High Side Drivers. A considerable 
improvement in reliability and reduction in 
down time can be obtained by using them 
in place of relays. Process control 
systems, often consisting of powerful 
computers that control large numbers of 
actuators, are perfect environments for 
these devices. The semiconductor 
manufacturer has little control over the 
nature of the load being driven and these 
can vary - solenoids, motors, transducers, 
leds. In these situations, software process 
monitoring by a uP can detect a fault 
reported by a status output and offers the 
option of taking corrective action. In the 
unlikely event of a failure in a High Side 
Driver in critical processes, a second 
device can be programmed to operate 
instead. 


SGS-THOMSON High Side Drivers are 
designed to provide the user with simple, 
self protected, remotely controlled power 
switches. They have the general structure 
as shown in figure 1. Appendix | shows a 
table of the devices and summarizes their 
features. 
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Figure 1: Standard current and voltage conventions 


OUTPUT| 5 |} 


Voc 


Some typical applications are shown in figure 2. 


Figure 2: High Side Drivers interfaces between control logic and power load 


INTELLIGENT 
POWER SWITCH 


CONTROL BUS 


THE GENERAL FEATURES OF HIGH 

SIDE DRIVERS. 

The diagram in figure 3 shows the control power stage of a basic device. 
and protection circuit elements and the 
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Figure 3: Generic Internal Block Diagram 


INTERNAL 
POWER 
SUPPLY 


* Optional feature in the VNXXAN series 


Input 

The 5V TTL input to these High Side 
Drivers is protected against electrostatic 
discharge. General rules concerning TTL 
logic should be applied to the input. The 
input voltage is clamped internally at about 
6V. It is possible to drive the input with a 
higher input voltage using an external 
resistor calculated to give a current not 
exceeding 10mA at the input. 


Internal power supply 

To accommodate the wide supply voltage 
range experienced by the logic and control 
functions, these devices have an internal 
power supply. Some parts of the chip are 
only active when the input is high, the 
status output and charge pump for 
example. This means it is possible to 
conserve power when the device is idle. 
The internal power supply has therefore 
been designed in two parts. One section 
supplies power to the basic functions of the 
chip all the time, even when the input is OV. 
The second section supplies power only 
when the input is high. This ensures that 
the stand-by current is limited to 50ynA 
maximum in the off-state. 
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UNDER 
VOLTAGE 


GROUND 


THE CONTROL CIRCUIT. 

Under voltage lock-out. 

Under-voltage protection occurs when the 
supply voltage drops to a low level 
specified in the datasheet as V,.,. The 
under-voltage level set at this value 
ensures the device functions correctly. 
Inductive effects must be considered in 
understanding the function of this feature. 
The di/dt is controlled by the device and 
not by the external circuit. The controlled 
value is calculated for a line inductance of 
5uH(=5mt. of wire). Typically di/dt=0.5A/us 
for a normal load and 1A/us for a short 
circuit. At turn on this generates an 
opposing voltage. If this opposing voltage 
is too large, the apparent supply voltage 
will drop below the under-voltage lock-out 
level and the device will turn off. Using 
the specified conditions, the induced 
voltage will not be large enough to reduce 
the supply voltage below 6V. This is 
important in the case where the load is a 
near short circuit when in-rush current 
occurs, as in the case of a car headlamp 
filament turning on. 
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Open load detection and stuck-on to V,,. 
Open load detection occurs when the load 
becomes disconnected. In the VN20N 
family open load detection only occurs in 
the on-state. 


An extra feature for load disconnection 


detection is that open load detection during 
the off-state as well as in the on-state can 
be provided. The circuit for the off-state 
open load detection requires an external 
resistor between V,, and the output pin. 


Figure 4: Equivalent Schematic for the open load detection current in off-state 


Open load detection is possible in the off- 
state in the VN21 family and it conforms to 
the 1.5.0. norms for automotive 
applications. If an open load condition is 
detected the status flag goes low. Should 
an external supply be applied to the load 
(output pin) or the device is externally short 
circuited, the off-state open load detection 
can detect this “stuck-on” to V,,, condition. 


Over-temperature protection 
Over-temperafure protection is based on 
sensing the chip temperature only. The 


Rexr IS CHOSEN ACCORDING Vpp 


TO FIX IOL (off) 


KNOWING THAT THRESHOLD Vi oan VOLTAGE 
IS FIXED AT Vagr 


= = > lopenoff = (Vpp - Vrer) / Rexr 


location of the sensing element on the chip 
in the power stage area, ensures that 
accurate, very fast, temperature detection 
is achieved. The range within which 
over-temperature cutout occurs is 140°C 
- 180°C with 160°C being a typical level. 


Over-temperature protection acts to protect 
the device from thermal damage and 
consequently also limits the average 
current when short circuits occur in the 
load. 
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Figure 5 : VN20N Die Layout - Note the thermal sensor inside the Power MOSFET Area 
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Driving the power MOSFET. Drivers are turned-on witha controlled di/  - 
The power MOSFET output stage is driven dt. 
by an internally generated gate voltage. A 


charge pump provides sufficient voltage to Turn-off: Normal and_ fast load 


turn on the gate. demagnetization 
When a High Side Driver turns off an 
Turn-on inductance a reverse potential appears 


As previously explained, the High Side across the load. 


Figure 6 : Inductive load demagnetization turn-off for the VN20N family 


[VoclV) + Vdemagl 


LioaD 


Vdemag 
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The source of the power MOSFET 
becomes more negative than the ground 
until it reaches the demagnetization 
voliage, Viemag» Of the specific device. In 
this condition the inductive load is 
demagnetized and its stored energy is 
dissipated in the power MOSFET according 
to the equation shown below: 


Vee #Y denied. ] 


Puemag= 0.5 Licad (load! 


demag. 


where fis the switching frequency and 


V coma. the demagnetization voltage. 


In the basic High Side Driver family the 
typical value of, | Vdemag.| is = 4V. 


In the 1.S.O. and industrial series,to reduce 
the dissipated energy, an internal circuit 
has be added in order to have a typical 
| Vdemag. | = 18V. 


In this condition the stored energy is 
removed rapidly and the power dissipation 
in the power MOSFET is reduced - see 
equation. Figure 7a/b compares the 
waveforms of the normal and fast 
demagnetization techniques. 


Figure 7a/b : VN20N-VN21 Driving an Inductive Load 


DATE: Nov. 12/91 
TIME: 09.32.00 


TR4A = 2.45V 


--- 


1 
VLOAD 


ILoap 1A/Div 


(3) TR3A: 10.0V: ims 
(4) TR4A: 0.50V: 1ms 


(1) TR1A: 0.50V : ims 

(2) TR2A: 1.00V : 1ms 
Figure 7b shows the VN21 driving an 
inductive load. During the on period, the 
current in the load rises linearly to a 
maximum. At turn-off the current decrease 
linearly, but, at a sufficiently fast rate for 


fast demagnetization of the load. There 
is no fault output from the status pin. In the 
VN20N, the basic High Side Driver with 
no special feature for _ fast 


demagnetization, the turn-off takes up to 5 
times longer than the VN21. Note that the 
status output will pulse at turn on because 
the internal circuit detects a very short 
duration open load, see figure 7a. 

The maximum inductance which causes 


8/23 


890 


DATE: Nov. 12/91 
TIME: 09.27.00 


TR4A = 2.45V 


(3) TRA: 10.0V : 500ps 
(4) TR4A: 0.50V : 500ps 


(1) TR1A: 0.50V : 500s 
(2) TR2A: 1.00V : 500ps 


the chip temperature to reach the shut 
down temperature in a specified thermal 
environment, is a function of the load 
current for a fixed Voc: V oma: and 
switching frequency. This is the maximum 
rate at which the drivers can be 
demagnetized. Figure 8 shows the 
maximum inductance for a given load 
current for devices meeting 1|.S.0O. 
requirements, assuming a chip temperature 
of 160°C at turn-off and a supply voltage of 
13V. The values are for a single pulse with 
85°C case temperature. Note that the 
devices are not protected against 
overtempsraiure during turn-off. 
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Figure 8 : Max inductance which produces a temperature of 160°C at turn off with Vcc = 13V. 
The values are for a single pulse with Tc = 85°C 


INDUCTANCE MAX (H) 


CONDITIONS Vcc=13V 


Tc = 85°C 


TT 
One oe ll 


ioe 
— 
= 
aa 
- 


a. as 
tft} ft __A,_} 


ne PEERS 
Pa ies 


40 bad (A) 


Additional Features of the High Side To reduce the on-state quiescent current 
rivers for some applications, particularly industrial 
High Side Drivers are designed for use in ones, the open load detection circuit is not 
various market segments, the precise included. There will consequently also be a 
requirements of the drivers varying a little lower power dissipation, an important point 
with the application. There are additional when similar, multiple High Side Drivers 
features to accommodate these _ are mounted on one board. It can means 


requirements. the difference between using or not using 
a heatsink. 
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The operating voltage range can vary e.g. 
5.5V to 26V for automotive applications 
and 7V to 36V for process control. Some 
devices have fast demagnetization of the 
load, ground disconnection protection, 
on- and off- state open load detection and 
5ms filtering of the status output. 


Status output and status output signal 
filtering. 

The difference in electrical behaviour 
between the non-filtered and the filtered 
High Side Drivers is that the status output 
filtering circuit provides a continuous signal 
for the fault condition after an initial delay 
of about 5ms in the filtered version. This 
means that a disconnection during normal 
operation, with a duration of less than 5ms 
does not affect the status output. Equally, 
any re-connection during a disconnection 
of less than 5ms duration does not affect 
the status output. No delay occours for the 
status to go low in case of overtemperature 
conditions. From the falling edge of the 
input signal the status output initially low in 
fault condition (overtemperature or open 
load) will go back high with no delay in 
case of overtemperature condition and a 


delay t.5, in case of open load. These - 


features fully comply with International 
Standards Office, (1.S.0.), requirements 
for automotive High Side Drivers. 


ABNORMAL LOAD CONDITIONS: 


Load short circuits 
Should a load become short circuited, 
various effects occur and certain steps 
need to be taken to deal with them, 
particularly choosing the correct heatsink. 
Two clear cases of short circuit occur: 

1. The load is shorted at start-up. 

2. The load becomes short during 

the on-state. 


Start-up with the load short circuited. 
At turn-on the gate voltage is zero and 
begins to increase. Short circuit current 
starts to flow and power is dissipated in the 
High Side Driver according the formula: 


Py = Vps X |p 


The effect is to cause the silicon to heat 
up. The power MOSFET stays in the linear 
region. When the silicon temperature 
reaches about 160°C the over temperature 
detection operates and the switch is turned 
off. Passive cooling of the device occurs 
until the reset temperature is reached and 
the device turns back on again. The cycle 
is repetitive and stops when the power is. 
removed, the input taken low or the short 
circuit is removed. 


Figure 9: Automatic Thermal cycle at start - up with the load short - circuited. 


-4. 15400 ms 


Stop = 
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2.00000 ms 


15. 8460 ms 


-4.000 Votls 


= 30.00 mVolts 
Delay = 5.84600 ms 
Delta T = 380.000 ys 
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Even in this configuration, the device on-state, the power MOSFET gate is 
controls the di/dt. Figure 9 shows a_ already at a high voltage, about V.,+ 8V, 
start-up when there is a short circuited so the gate is hard on. Hence the short 
load driven by a VNOSN. The initial peak circuit di/dt is higher than in the first case, 
current is 30A for this 180mQ device. and only controlled by the load itself. After 
the steady state thermal condition is 
A short circuit occurring during the on- reached, thermal cycling is the same as in 
state. ' the previous case. 
When a short circuit occurs during the 


Figure 10: Automatic thermal cycle for a short circuit occouring during the on - state 


-4. 15400 ms 5. 84600 ms 15. 8460 ms 

SES Po EE Se PS re ee as 
TTS a RS A 
ae ae a ee ee ee ee ee 


Offset -4.000 Votls 
Offset 30.00 mVolts 
Delay 5.84600 ms 
Stop = 2.00000 ms Delta T = 380.000 ps 


pUtomanic nenmalcycle: turn the device off. The rate of passive 


The thermal cycling in overload conditions cooling depends on the thermal capacity of 
produces repetitive current peaks. The the thermal environment. This, in turn, 
device switches on, the silicon heats up determines the length of the off-state 
until the over-temperature sensing acts to during thermal cycling. 


Figure 11: Automatic Thermal cycle in overload condition 


VN20N-PENTAWATT PACKAGE 


DATE: 00 000 00 
TIME: 01.24.32 
TRIA: 0.20V : 50ms 


3. 


uL 

i} 

| 
ILo 

L 


TR3A: 10.0mV : 50ms 
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It is important to evaluate the average and 
RMS current during short circuit conditions. 
This is required in order to determine the 
track dimensions for printed circuit boards 
and the correct value for any fuse used. 
In all practical situations there is no danger 
to pcb tracks from these high peak current 
for track designed to handle the nominal 
load current. 


Evaluating the Average current 

In steady state conditions the junction 
temperature oscillates between Tj 
(shutdown) and Tj (reset). 
Tj(av.)=(Tj(shutdown)+Tj(reset))/2 = 135°C 


Dissipated power: 


Pp = Lavy X Veo 
For a specific package 


Pp = (Tyra) ol, 


case 


)/R 


thj-case 


law=(T yay) 7 Tease ) / inj-case X Voc 
Note that |, ,erage Goes not depend on the 
peak current |p, - 


Example: 
VN21 with T,,,, = 85°C has an average 
current, lav) = 3.85A, 

at Pithj-case = 1°C/W and V., = 13V 
The average current is independent of the 
peak current. 
Generally, a current limiter does not 


decrease the average current. 


Figure 12: Average current during an hard short - circuit test 


Evaluating the RMS current 

The RMS current, I, generates heat in 
the copper track on PCBs during short 
circuits. 


s 
liamsy © = 1/T J o P(t)dt 


las) = lex X VO/T, where @/T is the duty 
cycle. 
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1 ms/square 


: 
with lay = WT i} I(t)dt = py) X O/T 


las) = (liek) X Lavy) 
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The RMS current increases proportionally 
to the square root of the peak current --> 
+40% if Nex) is doubled. Schemes to limit 


APPLICATION NOTE 


the current do not decrease the RMS 


current significantly. 


Figure 13: RMS current during an hard short-circuit test 


Heatsink requirements. 

Overload protection is based on device 
heating. If you want to detect an 
overload, i.e a damaged load, the chip 
must be allowed to heat up so that the 
thermal sensor located on the chip is 
activated. This leads to the following 
general rules for sizing heatsinks for the 
VN High Side Drivers. 


1.Do not use a too big heatsink. 

2.Do not use a VN device which has 
Roy Much lower than that which 
the application.requires. 


This example illustrates a specific case. 


Situation: 
- a supply voltage of 14V, 
- a load resistance of 2Q, 
- VN2ON - Rosion) at 25°C = 50mQ 
- load current = 7A 


To detect an over current of 20A, 


i SGS-THO 
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| __ sTEADY STATE 


1 ms/square | 


assuming that Rpg, at 150°C = 100mQ 
(see datasheet) hence: 


P,, = 202 x 100° = 40w 


Riya Should be dimensioned for 


Ornermal shutdown ~ Oambient = Pp X 


R 


thj-a* 


For example 160°C - 25°C < 40W x Ri... 
The effects of load disconnection. 
When a load becomes disconnected there 
can be over-voltages caused by the 
change of load current. Figures 14a/b 
summarizes the likely effects. Figure 14a, 
shows a load driven by a VN21. The supply 
to the VN21 has a very low parasitic 
inductance. When the load becomes 
disconnected, the current changes at a 
rate determined by the time taken’ for the 
load to disconnect. This controls di/dt . 
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Figure 14a/b: Example of possibles situations during a load disconnection 


WITHOUT LINE INDUCTANCE WITH LINE INDUCTANCE 


Vec 
LOAD 


INPUT VN XX 


STATUS 
GN 


e 
D e 
"AAA 3 


==> AN OVERVOLTAGE APPEARS ON Vcc PIN 
WHICH IS PROPORTIONNAL TO di/dt 
GENERATED BY THE LOAD DISCONNECTION 
E(overvoltage) = L di/dt 


==> NO PROBLEM WHEN LOAD DISCONNECTS 
= = > FAULT DETECTION ON STATUS PIN 


* OPENLOAD AT ON STATE 


* OPENLOAD AT OFF STATE WITH Ro. AND MAY EXCEED DEVICE BVpss 


di/dt IS FUNCTION OF THE SWIFTNESS OF LOAD DISCONNECTION 


SOLUTION: CONNECT A ZENER DIODE OR A CAPACITOR CLOSE TO Vcc PIN 


Figure 14c: Behaviour of a VN21 during a load disconnection 


TEST CONDITIONS: LINE INDUCTANCE +46 VOLTS CLAMPING 


TR2A: 4.13V 
1 


In this present case, there is virtually no 
inductance in the supply line. Hence no 
over-voltage is generated and V,, is 
unaffected. The status pin goes low to 
indicate an open-load state 


In the second case illustrated, figure 14h, 
the supply line has parasitic inductance 
and capacitance. When the load is 
— an over-voltage is generated, 
= L di/dt). The di/dt is not 
crm by the device but by how fast 
the load is disconnected. It is possible that 
the over-voltage may exceed the 
breakdown voltage of the device. lt is a 
wise precaution where the supply 


over vetage 
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| 
TBA=1us Pre Trig=35. 2% 


-——— --+-- -- ---j--- -- — 


DEVICE 


03.37ps 


Fe ee ee TS i SSeS ae 


=, |__——- TRA: 0.50V : 1ps 


TR2A: 1.00V : 1ps 


TR3A: 10.0V : Ips 


TR4A: 0.50V : tps 
lLoap 5A/Div 


connection pins are likely to have some 
inductance, to use a 56V zener diode or a 
capacitor close to the supply pin of the 
switch. Figure 14c shows a test made 
using a zener clamp to overcome line 
inductance. 


PROTECTION AGAINST GROUND 
DISCONNECTION 
There are a number of distinct situations 
that can occur when one of the ground 
connections is broken in circuits using the 
High Side Drivers. 


The first case, shown in fig. 15a, is when 
the GND pin of the High Side Driver is 


ky, SGS“THOMSON 


disconnected while the uC and the load 
are connected to ground. In this case in 
the 1.S.O. an industrial High Side Drivers 
nothing happens and the device remains 
off. In the VN20N family a voltage of about 


APPLICATION NOTE 


2V appers on the load and conseguently 
there is a power dissipation: 

Py = (Voc - 2) bloap ay 

usually very low. In these conditions the 
diagnostic is not functioning. 


Figure 15a: Possible ground disconnection occurring when a High Side Driver is connected to 


a wController (case 1) 


High 


Side 
Driver 


The second case, shown in fig. 15b, is 
when both the GND pins of the High Side 
Driver and of the nC are disconnected 
while the load is connected to ground. In 
this situation the signal GND rises up to 
Voc: In the I.S.O. and industrial High Side 
Drivers nothing happens up to V,,<18V 
and the diagnostic output remains in high 


state at V,,. In the VN20N family a voltage 
of about 4V appears on the load and 
conseguently there is a power dissipation: 
Pp = (Voc - 4) * bloap 

If P, is excessive with respect to the 
heatsink capability, destruction may occurs 
since the protections are not functioning. 
The load is permanently activated. 


Figure 15b: Possible ground disconnection occurring when a High Side Driver is connected to 


a wController (case 2) 


High 


Side 
Driver 
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Another practical case is when an external 
component supplies current to the High 
Side Driver GND pin which is disconnected 
from the ground. This might occur if the 
VN device is mounted on a local PCB with 
other devices and has a local ground while 
the load may be grounded to the frame or 
body of the equipment, figure 16. Also, in 
this case, for internally protected devices, 
the output remains off up to the point 
where the voltage on the GND pin is < 18V 
with reference to real ground at OV. This 
will reduce the maximum V,, the High Side 


Driver is able to withstand before turning 
on with the control circuit in-operative. 
One solution to this problem is to insert a 
resistor and diode in between the device 
GND pin and the output pin. The series 
resistor, Rs, must be calculated so that the 
sum of the current, Is, of the High Side 
Driver chip connected to the GND node 
plus the current drawn by the external 
elements, produces a voltage drop of less 
than 18V across Rs + Ds + R,,, for 1.S.O. 
or industrial High Side Drivers and less 
than 2V for STD devices. 


Figure 16 :Ground disconnection occuring when an equivalent resistor supplies current on the GND pin. 


CONCLUSION 


The VN series of High Side Drivers offers 
designers a highly attractive method of 
controlling a variety of inductive and 
resistive loads. The option to use a 
selection of extra features such as fast 
demagnetization or status filtering makes 
them equally suitable for general or 
specialised use, typically in the automotive 
environment. 
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DEVICE 


VNO2N 
VNOSN 
VN20N 
VNSON 


VNO3 
VNO6 
VN21 
VN31 


VNO2AN 
VN20AN 


VNDO05B(*) 
VND10B(*) 
VN16B(*) 


VNO2H(*) 


400 


APPLICATION NOTE 


ViPower 
60V Brass HIGH SIDE DRIVERS PRODUCT RANGE 


Voc 
Range 


(V) 


7-26 
7-26 
7-26 
7-26 


9.9 - 26 
5.5 - 26 
9.9 - 26 
5.5 - 26 


6 - 26 
6 - 26 
6 - 26 


5 - 36 


PACKAGE 


Pentawatt/PowerSO-10™ 


n 


Pentawatt/PowerSO-10 


Pentawatt/PowerSO-10 


Heptawatt/PowerSO-10 
Pentawatt/PowerSO-10 


Pentawatt/PowerSO-10 


(*) Application information as described in the Note apply also to these devices 


m Fast demagnetization & ground disconnection protection 


o Open load detection off state + stuck-on to Vo. 
* Smsec STATUS FILTERING (ISO STANDARD) 
O Doublechannel 


SON 
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Se/8t 


Off-state open load 


It is necessary to set the 
current that fixes the 
voltage,V, o,,, in the off 
state. When R, pap fails - 
goes open or high 
resistance -V, ,,, increases 
and an interna! comparator 


DEVICE | COMPONENT COMMENT SCHEMATIC NOTES 


Choose R,,, to match V,, 
fix lov ott The threshold V. 
: fixed at Vp... 

lotiot= (Vop Veer) / Rext 
The open load detection in in off- 
state is only possible for a 
nominal value of R, o4p<<10kQ 


LOAD 


Wy 


® 


SOMOMLITTOUDING 
NOSWOHL-S9S 


triggers the status flag to go 
low. 


Voltage spike on Vg} ALL | If the line inductance is not RINE SPE CIONCe Use a 56V zener diode to 

when load disconnects. zero and di/dt caused by - mee ce clamp V,, or put a capacitor, 
disconnection of the load pone C1 (about 100nF), near V,, 
is high, an over voltage E —L pin. 
=L-di/dt appears on V,,, 
The V of the output 
power MV OSFET could be pie 
exceeded. STATUS GND 


NAA 


Over voltage on V,, from| ALL D4 can be used as a : 
external circuit decentralized clamp (Vo, Rim = 150Q is a general value 
clamp and energy clamp). to protect devices from the 


Otherwise a resistor, R, jy) effects of a load dump. Refer 
can be added on the to the specific data sheet. 
ground pin to limits the 

current in the signal 

section of the device in 

case it exceeds the signal 

path breakdown voltage. 


INPUT OUTPUT 


ie STATUS GND 


ALON NOILVONddV 


My 


TOMO © 
NOSWOHL-S9S 


SDINOLD 


SYMPTOM 


Supply reversal 


Supply reversal - case 1 


Supply reversal - case 
2 


DEVICE | COMPONENT COMMENT 


SCHEMATIC 


Refer to the equivalent 
schematic seen by user 
through pins: Load, Input, GND 


Battery connection reversed; 
correct connection of the 
High Side Driver devices. 


D1 or D2 High Side Driver reverse 
connected with the battery 
correctly connected. 


"Vog > 1V 
—MGND"ON">VSS= GND 
Normal case 
*4<Vi.<0 
—MGND OFF 
—No current accross input 
and GND pins 
—A DC current flows in the 
load and DBody 
WARNING : 
If the loadis aninductance with 
a parallel free wheeling diode, 
the user sees 2 forward biased 
diodes between GROUND and 
Voc: 
—Do not exceed imax to 
prevent damage. 


If the battery is short circuited by 
3 x 2 series diodes (typically an 
alternator diode configuration) 
the supply voltage,V., is 
clamped to about -3V and no 
damage occurs to the VNdevice. 


Voc for the device is -13V. To 
prevent damage to the device 
use either a bipolar or Schottky 
diode in series with the ground 
pin connection. Use R1 and R2 
to limit the negative current in 
the input and status pins 
because the internal ground 
drops to Vi<. 
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i SYMPTOM DEVICE | COMPONENT COMMENT SCHEMATIC 


7 =| Input driving. Bineur Driving the input from a To drive the input from a line 
voltage greater than 6V voltage > 6V insert a series 
resistor to limit the input current 
lwmax < 1OMA 
10mA max 


Pin disconnection-V., | ALL |R1 R2 Driving an inductive load, 1) Resistive load - no problem 
this kind of disconnection of damage. 
nee wie ame oleenicat 2) Inductive toad - V,, reversal 
effects as Vo, reversal. occurs. If current and 
; inductance of leads are too 
high the device may be 
Voc damaged but the safety 
nee OUTPUT margin is wide - up to 100mH 
STATUS GND and 8A for the VN21 
In this case, input and status 
pins are pulled to a negative 
voltage so it is recommended 
to insert resistors in series with 
these pins in order to protect 
the nC. 
Pin disconnection - Anexternalcomponent,Req, , The devices are internally 
Ground supplies current to the High protected (output stage off) if 
Side Driver GND pin. the voltage on the GND pin is < 
The local groundis separate 18V with reference to the real 
from the load ground. OUTPUT ground at © V. To avoid the 
High Side Driver to turn-on if 
GND is over 18V is possible 
: insert Rs and Ds as shown in 
figure. 
Choose Rs so that V,<18V 
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SYMPTOM DEVICE | COMPONENT COMMENT 


Ground potential 
differences 


Ground potential 
differences - case 1 


Ground potential 
differences - case 2 


ALL 


Voltage range for all High Side 
Drivers is defined between 
Voc aNd Veg5 (VNxx GND). 
All voltages V,,, Vig» Vusp are 


refered to V.... 


Using power diode to 
withstand reversed battery. 
Case 1: 


Vegi = Vege 
GND 


=/=GND with V.,, 
> 


Using a diode to protect the 
High Side Driver against 
reversed battery. 

(See point 6 above) 

Vos = Vso =/= GND with 
Vggi > 


SCHEMATIC 


nd 
Vsse2 


NX 
GND 


If Vsg, and V,., are different, 
recalculate V,, Vij Vyusp and 
beware of application bugs. 
(See points 11/12/13/14) 


Voltage losses in power diode. 
Input and status levels are 

not effected. Under-voltage 
shutdown level increased by 
diode V,. 

Off-state open load level, V,--, 
increased by V,. 

A general rule is: level shift is 
(Vigo - GND). 


The input and status are 
unaffected. Vicg = (Vgg9- GND) 
+ Vuspo Off-state open load 
level, Vice. is increased by (V., 
- GND).Not suitable if the 
uController uses an analog 
transducer referred to ground. 
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SYMPTOM DEVICE ie COMMENT SCHEMATIC 
ALL 


Ground potential Using a diode to protect the Vi, and V,, shifted by (V,., - 
differences - case 3 High Side Driver against Vey); R1 limits any negative 
reversed battery. current when the p»Controller 
takes 1/O to ground .On the 
Vsg1 =/= Veg. Vago > Vs3 Status pin the zero corresponds 
to the V. of D2, V,,., and Vy, 
Ea being increased by (V,.,- GND). 
CS\\ Nn 
GND 


Ground potential Using a diode to protect the In fault conditions the device 
differences - case 4 .C against reversed battery. pulls the status pin down to V.,,, 
and the ypController sees a 

Veg == Vege. Vege < Vssi negative voltage - (V.., - Veg.) 


There is a risk of latch up for the 
Controller CMOS output. Add 
R2 to limit the current. 
Undervoltage and off-state open 
load levels are not shifted. 


On 
Vss2 


Summary of the R1, R2, D2, Recommended scheme “common ground for Controller 
influence of ground D7. and VN device 
differences, pin * Reversed battery protection - 
disconnections and Schottky diode 
over voltage protection. * Series resistor for input and 
status pins 
* Over-voltage protection - bi- 
directional Zener 
NASA YA 
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SYMPTOM 


Load dump: battery 
disconnection whilst the 
alternator is working 


17 | Vicap > Vee 
(Bridge circuit) 


DEVICE | COMPONENT 


COMMENT 


High voltages can be 
generated if the battery is 
disconnected when the 
generator is running in acar. 
Damaging effects can be 
overcome by using a 
clamping diode with at least 
Ven > 26V as 2 x 12V 
batteries are often used to 
jump start cars. This for 
overvoltage transient higher 
than specified in datasheets. 


In full bridge applications 
during the demagnetization 
phase Vi oan > Ve: 
Acurrent will flow out of GND 
pin, possibly damaging the 
bonding. 


SCHEMATIC 


Protection againstover-voltages 
are efficient if connected 
between pin 3 (V,,) and pin 1 
(ground). 


Insert a resistance, R1 
(suggested value 47Q), in the 
ground pin to limit the ground 
current and avoid damaging the 
bonding. 
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APPLICATION NOTE 
PROTECTION STANDARDS 


APPLICABLE TO AUTOMOBILES 


1- INTRODUCTION : 


A growing number of sensitive electronic units 
can be found in motor vehicles. Unfortunately 
the presence of electrical disturbances threatens 
their reliability. 


Figure 1 : Electronic modules in a car 


A. Bremond 


The objective of this paper is to list all these 
disruptive factors and to suggest appropriate 


protection devices. 
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Il - GENERAL INFORMATION : 


ll.1 Simplified diagram of an automotive electrical circuit 


ll.2 Coexistence of electromechanical engineering and some electronic equipment affected by 
with electronics : these disturbances (instrument computer, 
injection unit etc...). The role of the protection 


Fig. 2 shows that the electrical system of A —_gevices will be to ensure the smooth coexistence 
motor vehicle contains some electromechanical of both. 


engineering which generates disturbances 
(alternator, ignition system, starter, relays etc...) 


Figure 2 : Automotive electrical diagram 
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lil - ORIGIN AND WAVEFORM lll.1 Disconnecting inductive loads : 


PARAMETERS : ; 
Disconnecting an inductive element causes a 

Electronic units receive the disturbances through high inverted overvoltage on its terminals. 

the various cables which are connected to them. 

They are defined by the ISO/TC 22 standards 

and described in appropriate technical notes 

issued by the various motor vehicle 

manufacturers. 


Figure 3 : Shape of test pulse 1 (disconnection of Inductive Loads) 


T = 2 milliseconds 
Tr = 1 microsecond 
Ri = 10 ohms * 


t1 = 5 seconds 


t2 = 0.2 second 


t3 < 100 us 
* Internal series resistor of the surge generator. 
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H1.2 Sudden power cut off in the main circuit : 


After the battery supply circuit is cut by the 
ignition key, the ignition circuit contines to 
release disturbances until the engine stops 
rotating. 


Overvoltages are generated by switching the 
power supplied by electric motors acting as 
generators, e.g. the air conditioning fan. Their 
amplitude is increased by the absence of the 
filtering which would normally be carried out by 
the battery. 


Figure 4 : Shape of test pulse 2 (Sudden Interruption of Series Current) 


iN 


12V 


90% 


ref 12V 


T =2 milliseconds 


Tr = 1 microsecond 


Ri = 10 ohms 


t1 = 0.5 to 5 seconds 


t2 = 0.2 second 
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111.3. Switch bounce : and inductances, resulting from switch rebounds. 


sg generates sets of disturbances. 
Power cut-off in the supply network capacitances 


Figure 5A : Shape of test pulse 3A (switching spikes) 


T = 0.1 microsecond 
Tr = 5 nanoseconds 
Ri = 50 ohms 

t1 = 100 microseconds 
t2 = 10 milliseconds 


t2 = 90 milliseconds 


Figure 5B : Shape of test pulse 3B (switching spikes) 


T = 0.1 microsecond 
Tr = 5 nanoseconds 

Ri = 50 ohms 

t1 = 100 microseconds 
t2 = 10 milliseconds 


ref 12V 
t3 = 90 milliseconds 
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Ill.4. Activating the starter : 


When the starter circuit is activated, a voltage 
drop occurs in the supply source. 


Figure 6 : Shape of test pulse 4 (starter motor engagement disturbance) 


T = 130 milliseconds 
Ri = 0.01 ohm 

Tr = 10 milliseconds 
t1 = 10 milliseconds 
t2 = 100 milliseconds 


Tf = 10 milliseconds 


111.5. Load dump : During this load dump, the voltage on the 

a as alternator terminals increases rapidly. The length 
This happens when the battery is disconnected _— of this disturbance depends on the time constant 
whilst being charged by the alternator. of the generator excitation circuit. 


Figure 7 : Shape of test pulse 5 (load dump) 


Tr < 10 milliseconds 


Ri = 2 ohms 
ref 12V T =300 ms 
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111.6. Power cut off in the ignition coil : 


This disturbance occurs when the _ ignition 
contact is cut off. 


Figure 8 : Shape of test pulse 6 (ignition coil current interruption) 


T = 300 microseconds 
Tr = 60 microseconds 
Ri = 30 ohms 

ti = 15 seconds 

t2= 1 second 


t3 < 100 microseconds 


Ili.7. Alternator magnetic field decay : 


This negative overvoltage appears when the 
magnetic field of the alternator disappears (when 
the engine stops turning). 


Figure 9 : Shape of test pulse 7 (alternator field transient at engine stop) 


T = 100 milliseconds 

Tr = 5 to 10 milliseconds 
Ri = 10 ohms 

t3 < 100 microseconds 
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11.8. Regulator failure : 


This type of problem can cause the output 
generated to be permanently too high, perhaps 
greater than 18 V. 


Il1.9. Starting aid : 


In certain cases, when new motor vehicles have 
been stored over a long period (eg. sea 
deliveries, when starting takes place at low 
temperatures, etc...,) using another source of 
energy other than that of the vehicle becomes 
necessary. 


The most common procedure is the use of two 
standard 12 Volt batteries paralleled with that of 
the vehicle. The overvoltage estimate is 24 Volts 
(or -24V in the case of an inverted connection). 


111.10. Miscellaneous : 


Motor vehicles can be subject to other sources 
of disturbances, such as : 


- the connection to a diagnostic unit. 

- electric soldering. 

- paint electrostatic tension. 

- HF rays generated by tranmission equipment. 


IV - ANALYSIS OF THE VARIOUS DISTURBANCES : 


Disconnection 
fe) 
inductive loads 


f 
in 
the main circuit 


DURATION 


2ms 
2ms 


Starter 
engagement 


Load dump 


Alternator 
magnetic 
field deca 


Imperfections 


V - CONCLUSION 


Table IV shows that we are confronted with 5 
types of disturbances : 


a/ Positive impulsive overvoltages 


b/ Negative impulsive overvoltages 


VOLTAGE 


0] 


Switch bounce 0.is x 10 +100 V 50j x 10 Frequent 
- 150 V 
_ a Fi 


im : 
at Continuous + 18V rare 
regulator level 


ENERGY FREQUENCY 


At every start 


At every stop 


rare 


c/ Positive continuous overvoltages 


d/ Negative continuous overvoltages 
e/ Impulsive voltage drop 


The goal of protection circuits is to prevent 
destruction due to these disturbances. 
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CHOICE OF PROTECTION IN 
AUTOMOTIVE APPLICATIONS(CLASSICAL TOPOLOGY) 


1. INTRODUCTION 


This paper describes a protection schematic 
based on discrete components, together with a 


Figure 1 : General Protection Topology 


2. GENERAL PROTECTION SCHEMATIC : 
2.a Positive impulsive overvoltages : 


This type of overvoltage is clamped by the 
protection component P at maximum voltage 
Vet. Resistance Rg limits the dissipated energy 
in the ~— protection component — without 
compromising the clamping function. 


2.b Negative impulsive overvoltages : 
There are two ways to limit these : 


- Without diode D : the protection component 
operates as a rectifier diode and clamps the 
voltage at the unit terminals to approximately 
1V. 


- With diode D : the diode is reverse-biased and 
therefore protects the unit. 
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general method of choosing the components to 
suppress the surge effects on automotive 
modules. 
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One important thing to take into account is the 
peak reverse voltage limit of D. Varm = 400V 
seems a good compromise (see curve N° 6 of 
the ISO/TC22 standard). 


2.c Positive continuous overvolitages : 


During this phase, the protection component 
must be in the stand- by phase (very low current 
passing through the component). 


2.d Negative continuous overvoltages : 


This protection is achieved by diode D which is 
reverse -biased. 


2.e Impulsive voltage drop : 


During this phase, the unit is fed by capacitor C 
while diode D prevents C from discharging into 
the battery circuit. 
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3. THE CHOICE OF COMPONENTS : 
3.a Diode (D) 


The following parameters will constitute the 
selection criteria : 


- The average current used by the electronic 
module. 


- The maximum repetitive peak reverse voltage 
VRRM 


- The maximum ambient temperature Tamb. 
The following inequality must apply in all cases : 


Tamb + Rth P< Ty; max 


P = Vro le (AV) + rd I?-(Ras) 


where 


Rth = thermal resistance (Junction - ambient) for 
the device and mounting in use. 


3.b Resistance (Rs) 


Its presence allows a "size" (and thus cost) 
reduction of the protection component. 


Its value is a function of the following elements : 


Vbat min lowest battery voltage which is 
specified in the technical note issued by the 
manufacturer. 


Vcc min : minimum voltage needed for the 
electronic unit in operation. 


Icc max maximum supply current of the 
electronic module. 


The maximum value of Rs will be : 
Rs max = (Vbat min - Vcc min)/Icc Max 


3.¢ Capacitor (C) 


Its role is to make sure that the voltage at the 
terminals of the electronic unit is greater than or 
equal to Vcc min while the starter circuit is 
active. 


Its value depends on: 


Vbat : voltage across the battery before the 
disturbance 


Vcc min : see par. 5.b 


T : length of the disturbance (130 ms: see 
application note 4.1, paragraph 111.4) 


The minimum value of C will be : 


Cmin = (130 * 10°/Reg)/In (Voc min/Vpbat) 


with Reg = equivalent resistance of the electronic 
unit 


Reg = Vcc min/Icc max 
3.d Protection component (P) 


- How it works : 


Figure 2 : Transil Behaviour 


A : Disturbance 
B : Voltage across the protection device 
C : Current through the protection device 


The role of the protection device is to suppress 
the destructive effects of the surge (Fig.2a), the 
most agressive being the load dump impulse. 


To achieve this, the TRANSIL clamps the spike 
at a maximum value Vc. (Fig.2b). A surge 
current flows through the suppressor during this 
phase (Fig.2c). 
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4. THE CHOICE OF THE PROTECTION DE- 
VICE 


4.a Parameters to take into account 


To choose the TRANSIL we have to know the 
surge parameters and _ the — application 
requirements. 


- Surge parameters 


The surge is defined by the peak value Ip and 
the duration tp of the current wave flowing 
through the protection device during the 
clamping. 


As shown in the ISO/TC22 standard the most 
energetic impulsive disturbance is the load dump 
surge. Most car manufacturers recommend the 
SCHAFFNER NSG 506 generator to synthesise 
this wave. See fig.3. 


Figure 3 : Equivalent circuit of Schaffner gener- 


DEVICE OR 


MODULE TO 
BE TESTED 


This circuit allows us to determine’ the 
parameters of the current wave seen by the 
TRANSIL. 


The peak current Ip is equal to : 


Ip = (Vp © Vet) / (Re + Rs) 
Where 


Vp = Peak voltage of the surge (+ 80V) 
Veit = Clamping voltage of the transil 


Ra = Series resistance of the generator (2 
Ohms) 


Rs = Series resistance of the module to be 
protected (see chapter 3.b) 


For example with Vp = 80V, Vct = 40 V and 
Rs = 0 Ohm, we have Ip = 20A 


APPLICATION NOTE 


Figure 4 : Current pulse duration versus Vp and 
Vei 


tp (ms) 


Vp (V) 
60 70 80 90 100 


The curves of figure 4 give the duration tp of the 
current wave in the TRANSIL during clamping. 
This parameter depends on the peak voltage Vp 
of the surge and on the clamping voltage Vct of 
the protection device. For example with Vp = 
80V and Vc = 40V, tp = 27.5 ms. 


- Application requirements 
Three values are necessary : 


- The maximum operating voltage, which is the 
greatest battery potential. Often the car’s 
electrical equipment has to withstand two battery 
voltages (due to starting aids: see ISO/TC22 
standard). These parameters define the 
minimum stand off voltage Vrm of the TRANSIL. 


- The minimum destructive voltage, which is the 
voltage value over which the device will be 
destroyed. This limit determines the maximum 
clamping voltage Vct of the protection device. 


- The maximum ambient temperature Tamb that 
would decrease the power dissipation capability 
of the TRANSIL. 


: 3/5 
IT SGS THOMSON 


917 


APPLICATION NOTE 


4.b Choice of the protection device 


The choice of component is made with the help 
of the parameters tp, Pp in the curve Pp = f(tp) 
from the "PROTECTION DEVICES" data book. 


Figure 5 : Peak pulse power versus exponential 
pulse duration (1.5KE, 10V < Ver < 250 V) 


If the operating point defined by tp and Pp = Vet 
* Ip is on or below the curve, the TRANSIL can 
operate in the application at 25°C of ambient 
temperature. 


4.c The ambient temperature effect : 


Component characteristics are given at an 
ambient temperature of 25°C (die temperature 
before clamping action). The following chart 
shows the effect of junction temperature on the 
power suppression capability. 


Figure 6 : Allowable power dissipation versus 
junction temperature 


Pp (Tj) / Pp (Tj = 25°C) 

solidus alee ee Sela heel 
CCOSEE CECE 
Seo Se ole Ie ala 


This curve gives the derating to be applied to 
the peak power capability of the protection 
device according to junction temperature. 


The second temperature effect is the shift of 
Ver. 


Ver (at T) = Ver (at 25°C) * (1 + or (T-25)) 
Where at is the temperature coefficient of Ver. 
4.d Calculation of clamping voltage Vcr 


The clamping voltage Vc_ can be estimated as 
follows : 


Veit = Vera max + (Rd IP) 


Where Rd is the dynamic resistance of the 
TRANSIL 


Table 1 - Typical Rd for wave of tp = 30 ms at 
25°C 


BZW04| P6KE | 1.5KE | BZW50|LDP24A 
p23 | 30P | 30P -29 
Rdtyp| 1.2 0.75 | 0.35 | 0.15 
(Q) 


5 - EXAMPLE : 
A / Disturbances 


The load dump is the most agressive 
B / Battery voltage 


The electronic unit will have to function with a 
battery voltage of 11 V. 


C / Ambient temperature 


Tamb = 85°C 


D/ Electrical characteristics 
of the module 


has oa 
Table 2 - Module characteristics 
kek fal 
le 
fell 
Abee MIN: == = — = a 
Be 
E 
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E / Analysis E/5 Conduction time 
E/1 Calculation of Rs max tp = 30 ms 
Rs max = (Vbat - Vee min)/Icc min E/6 Choice of the TRANSIL 


Rs max = (11-8)/0.6 = 5 Ohms 


Table 3 - Transil characteristics 


E/2 Diagram 


TYPE POWER CAPABILITY (tp = 30 ms) 
64 W 


E/7 Conclusion 


Figure 7 : Application Diagram 


Diode BZW50-22 is an efficient protection device 
within the 85°C temperature range, and the Vci 
max is given as follows : 


Ver (85°C) = Var (25°C) x (1 * or(85-25)) 


= 29.8* (1 +9.6* 10-4 * 60) 


E/3 Peak current = 31.5V 


lp = (Vo-Veu)/(Re+Rs) = (80-32)/7=6.9A Nou (GS O)= Ven (Go) dl: 


papaseceud: = 31.5 + (0.15 * 6.9) 


Pp = Ver™ Ipp = 32 * 6.9 = 221 W = 32.5 V 
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1. INTRODUCTION 


The harsh electrical environment in automobiles 
poses problems for the electronic modules 
present. Even in normal operation, large positive 
and negative overvoltages due to switch bounce, 
ignition coil switching and other phenomena are 
a potential cause of destruction. An additional 
hazard is the possibility of supply reversal, 
perhaps caused by faulty wiring. Another danger 
is the "load dump" effect, caused by battery 
disconnection while the engine is running. This 
causes the energy stored in the alternator coils 
to manifest itself as an 80 V transient lasting 
around 300 ms : lethal to semiconductor circuits. 
See application note 4.1 : "Protection standards 
in automotive applications" for more details. 


Figure 1 : Classical protection circuit 


2. CLASSICAL DISTRIBUTED PROTECTION 


The circuit shown in fig.1 protects the module 
against battery reverse as well as impulsive and 
continuous overvoltages, both positive and 
negative. In addition, overvoltages generated by 
the module are prevented from reaching the car 
supply network. Rs, in cases where it can be 
used, limits the power dissipated in the 
protection device P. Note that diode D is used in 


AN555/1292 


APPLICATION NOTE 


AUTOMOTIVE PROTECTION 
WITH THE RBOxx SERIES 


C. Cytera 


Protection is therefore required, which can be 

centralized or distributed. Centralized protection 
attempts to suppress disturbances at their 
source, for example crowbar devices at the 
alternator to counter the load dump effect. 
Distributed protection aims to _ dissipate 
disturbances at their destination. Components 
performing this function are present in the 
electronic modules themselves and are thus 
relatively numerous. The RBOxx (Reversed 
Battery and Overvoltage) series of protection 
devices from SGS-THOMSON has __been 
designed to reduce this distributed protection 
component count. 


ELECTRONIC 
MODULE 


reverse-bias to block negative overvoltages, so 
its peak reverse voltage limit (VRRM) must be 
taken into account. 


Motor driver protection is complicated by the 
presence of transistor circuits which control the 
direction and magnitude of current flow through 
the motor. A bidirectional clamping device needs 
to be added in order to ensure protection of both 
halves of this circuit. See fig.2. 
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Figure 2 : Motor driver protection with discrete components 


BATTERY 


FILTER 


PROTECTION 
COMPOMENTS 


The NPN transistors supplied via D1 are 
protected in the classical fashion already 
described. The PNP devices are connected 
directly to the car supply network and are 
protected as follows : 


- Positive surges : overvoltage is clamped by T2 
with D1 forward- biased. 


- Negative surges : These are clamped by 11 
with T2 forward - biased. 


Three components are thus required per motor 
driver, representing significant component and 
area cost. 


3. DISTRIBUTED PROTECTION WITH THE 
RBOxx FAMILY 


The RBOxx devices integrate all the protection 
functions required by car electronic modules : 
see fig.3. 


MOTOR 
CONTROL 


Diode D1 protects against a reversed battery, 


while the "Transil" clamping device T2 
suppresses positive surges. Negative surges are 
blocked up to the breakdown voltage of the 
bidirectional clamp T1. Larger negative surges 
are suppressed by T1 in avalanche breakdown 
in series with T2 forward-biased. Fig.4 shows the 
basic application of the RBOxx. 
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Figure 4 : RBO basic application 
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CAR ELECTRONIC MODULE 


Note that as the voltage across D1 is clamped 
by T1, the VRRM of the diode is no longer a 
concern. The clamping voltage is the same as 
that of T2, given by the yy digits in the part 
number of the form RBOxx-yy. The xx digits 
indicate the average forward current between 
pins 1 and 3. 


kyy BiBottrenases 


APPLICATION NOTE 


Two devices are available at the time of writing : 
the RBOO8-40 and the RBO40-40. The latter 
device is specifically designed to protect against 
"load dump" surges due to the greater power 
capability of T2, while the RBOO8-40 is adequate 
for suppressing the other overvoltages present. 


The presence of T1 makes possible an elegant 
solution to the motor driver protection. The 
RBOxx replaces the three protection 
components shown in fig.2 and protects the 
motor driver circuit in the same way. 


4. CONCLUSION 


A car power supply network is_ often 
contaminated with voltage surges potentially 
damaging to the semiconductor circuits present. 
The SGS-THOMSON family of RBOxx protection 
devices enables full protection from these surges 
with the minimum component count. 
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SALES OFFICES 


EUROPE 


DENMARK 


2730 HERLEV 

Herlev Torv, 4 

Te! (45-44) 94 85 33 
Telex 35411 

Telefax (45-44) 948694 


FINLAND 


LOHJA SF-08150 
Katakatu, 26 

Tel (358-12) 155 114 
Telefax (358-12) 155 66 


FRANCE 


94253 GENTILLY Cedex 
7 - avenue Gallieni - BP 93 
Tel (33-1) 47.40 75 75 
Telex. 632570 STMHQ 
Telefax. (33-1) 47 40 79 10 


67000 STRASBOURG 
20, Place des Halles 

Tel (33-88) 75 50 66 
Telefax (33-88) 22 29 32 


GERMANY 


8011 GRASBRUNN 
Bretonischer Ring 4 
Postfach 1122 

Tel : (49-89) 460060 
Telefax (49-89) 4605454 
Teletex 897107=STDISTR 


1000 BERLIN 37 

Clay Allee 323 

Tel (49-30) 8017087-89 
Telefax (49-30) 8015552 


6000 FRANKFURT 
Gutleutstrasse 322 

Tel (49-69) 237492-3 
Telefax (49-69) 231957 
Teletex 6997689=STVBF 


3000 HANNOVER 51 
Rotenburger Strasse 28A 
Tel (49-511) 615960-3 
Teletex 5118418 CSFBEH 
Telefax (49-511) 6151243 


8500 NURNBERG 20 
Erlenstegenstrasse, 72 
Tel (49-911) 59893-0 
Telefax (49-911) 5980701 


7000 STUTTGART 31 
Mittlerer Pfad 2-4 

Tel. (49-711) 13968-0 
Telefax (49-711) 8661427 
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ITALY 


20090 ASSAGO (Ml) 
V.le Milanoftori - Strada 4 - Palazzo A/4/A 
Tel. (39-2) 89213 1 (10 linee) 
Telex 330131 - 330141 SGSAGR 
Telefax (39-2) 8250449 


40033 CASALECCHIO DI RENO (BO) 
ViaR Fucini, 12 

Tel (39-51) 593029 

Telex’ 512442 

Telefax (39-51) 591305 


00161 ROMA 

ViaA Torlonia, 15 

Tel (39-6) 8443341 
Telex 620653 SGSATE | 
Telefax (39-6) 8444474 


NETHERLANDS 


5652 AR EINDHOVEN 
Meerenakkerweg 1 

Tel (31-40) 550015 
Telex’ 51186 

Telefax: (31-40) 528835 


SPAIN 


08021 BARCELONA 
Calle Platon, 6 4'" Floor, 5" Door 
Tel. (84-3) 4143300-4143361 
Telefax. (34-3) 2021461 


28027 MADRID 

Calle Albacete, 5 

Tel (34-1) 4051615 
Telex 46033 TCCEE 
Telefax (34-1) 4031134 


SWEDEN 


S-16421 KISTA 
Borgarfjordsgatan, 13 - Box 1094 
Tel : (46-8) 7939220 

Telex: 12078 THSWS 

Telefax (46-8) 7504950 


SWITZERLAND 


1218 GRAND-SACONNEX (GENEVA) 
Chemin Francois-Lehmann, 18/A 

Tel (41-22) 7986462 

Telex’ 415493 STM CH 

Telefax. (41-22) 7984869 


UNITED KINGDOM and EIRE 


MARLOW, BUCKS 
Planar House, Parkway 
Globe Park 

Tel (44-628) 890800 
Telex 847458 

Telefax (44-628) 890391 


AMERICAS 


BRAZIL 


05413 SAO PAULO 

R Henrique Schaumann 286-CJ33 
Tel (55-11) 883-5455 

Telex: (391)11-37988 “UMBR BR” 
Telefax * (55-11) 282-2367 


CANADA 


NEPEAN ONTARIO 
301 Moodie Drive 
Suite 307 

Tel 613/829-9944 


U.S.A. 


NORTH & SOUTH AMERICAN 
MARKETING HEADQUARTERS 
1000 East Bell Road 

Phoenix, AZ 85022 

(1-602) 867-6100 


SALES COVERAGE BY STATE 


ALABAMA 
Huntsville - (205) 533-5995 


ARIZONA 
Phoenix - (602) 867-6217 


CALIFORNIA 
Santa Ana - (714) 957-6018 
San Jose - (408) 452-8585 


COLORADO 
Boulder (303) 449-9000 


ILLINOIS 
Schaumburg - (708) 517-1890 


INDIANA 
Kokomo - (317) 455-3500 


MASSACHUSETTS 
Lincoln - (617) 259-0300 


MICHIGAN 
Livonia - (313) 953-1700 


NEW JERSEY 
Voorhees - (609) 772-6222 


NEW YORK 
Poughkeepsie - (914) 454-8813 


NORTH CAROLINA 
Raleigh - (919) 787-6555 


TEXAS 
Carrollton - (214) 466-8844 


FOR RF AND MICROWAVE 
POWER TRANSISTORS CON- 
TACT 

THE FOLLOWING REGIONAL 
OFFICE IN THE U.S.A. 


PENNSYLVANIA 
Montgomeryville - (215) 361-6400 


ASIA / PACIFIC 


AUSTRALIA 


NSW 2220 HURTSVILLE 
Suite 3, Level 7, Otis House 
43 Bridge Street 

Tel (61-2) 5803811 

Telefax (61-2) 5806440 


HONG KONG 


WANCHAI 

22nd Floor - Hopewell centre 
183 Queen's Road East 

Tel (852) 8615788 

Telex 60955 ESGIES HX 
Telefax (852) 8656589 


INDIA 


NEW DELHI 110001 
LiasonOffice 

62, Upper Ground Floor 
World Trade Centre 
Barakhamba Lane 

Tel (91-11) 3715191 
Telex 031-66816 STMI IN 
Telefax’ (91-11) 3715192 


MALAYSIA 


PETALING JAYA, 47400 
11C, Jalan SS21/60 
Damansara Utama 

Tel (03) 717 3976 
Telefax (03) 719 9512 


PULAU PINANG 10400 

4th Floor - Suite 4-03 

Bangunan FOP-123D Jalan Anson 
Tel (04) 379735 

Telefax (04) 379816 


KOREA 


SEOUL 121 

8th floor Shinwon Building 
823-14, Yuksam-Dong 
Kang-Nam-Gu 

Tel (82-2) 553-0399 
Telex SGSKOR K29998 
Telefax (82-2) 552-1051 


SINGAPORE 


SINGAPORE 2056 

28 Ang Mo Kio - Industria! Park 2 
Tel (65) 4821411 

Telex RS 55201 ESGIES 

Telefax (65) 4820240 


TAIWAN 


TAIPEI 
12th Floor 


325, Section 1 Tun Hua South Road 


Tel (886-2) 755-4111 
Telex 10310 ESGIE TW 
Telefax (886-2) 755-4008 


SALES OFFICES 


JAPAN 


TOKYO 108 

Nissek: - Takanawa Bild 4F 
2-18-10 Takanawa 
Minato-Ku 

Tel (81-3) 3280-4121 
Telefax (81-3) 3280-4131 
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Information furnished is believed to be accurate and reliable. However, SGS-THOMSON Microelectronics assumes no responsibility for the 
consequences of use of such information nor for any infringement of patents or other rights of third parties which may result from Its use. No 
license is granted by implication or otherwise under any patent or patent rights of SGS-THOMSON Microelectronics. Specification mentioned 
in this publication are subject to change without notice. This publication supersedes and replaces all information previously supplied. 
SGS-THOMSON Microelectronics products are not authorized for use as critical components in life support devices or systems without express 
written approval of SGS-THOMSON Microelectronics 
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